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I.	  	  Introduction	  In	  the	  second	  decade	  of	  the	  21st	  century	  looking	  forward	  to	  mid-­‐century	  and	  beyond,	  the	  importance	  of	  ensuring	  everyone	  has	  access	  to	  a	  healthy	  diet	  within	  natural	  resource	  limits	  is	  understood	  as	  a	  requirement	  for	  a	  peaceful	  and	  prosperous	  future.	  	  The	  strategies	  to	  approach	  this	  goal,	  however,	  remain	  widely	  debated.	  	  As	  a	  direct	  consequence	  of	  high	  impact	  innovations	  in	  food	  systems	  in	  past	  decades,	  we	  increasingly	  recognize	  humanity's	  central,	  diverse	  and	  complex	  relationships	  to	  food	  and	  to	  the	  natural	  resources	  and	  infrastructure	  upon	  which	  food,	  water	  and	  energy	  security	  depend.	  	  There	  is	  no	  doubt	  that	  accelerated	  research	  investments,	  including	  research	  on	  scaling	  up	  existing	  better	  practices,	  will	  be	  essential	  to	  achieve	  a	  food,	  water	  and	  energy	  secure	  future.	  Scientific	  research	  has	  been	  recognized	  as	  fundamentally	  important	  to	  realizing	  improved	  outcomes	  in	  agricultural	  and	  food	  systems	  since	  the	  mid-­‐late	  19th	  century.	  	  Dedicated	  agricultural	  research	  institutes	  appeared	  in	  that	  era,	  emerging	  also	  as	  hubs	  for	  innovation,	  education	  and	  widespread	  dissemination	  of	  new	  technologies	  and	  practices.	  	  These	  integrated	  institutions,	  focused	  on	  research	  and	  infrastructure	  improvement	  in	  agriculture	  as	  a	  public	  good,	  have	  brought	  monumental	  shifts	  in	  our	  agricultural	  production	  capacity	  and	  the	  shape	  of	  local	  and	  global	  food	  systems.	  	  Thousands	  of	  scientists	  and	  their	  associates	  in	  both	  public	  and	  private	  sectors	  have,	  over	  decades	  in	  every	  region	  of	  the	  globe,	  delivered	  positive	  impacts	  on	  the	  condition	  of	  humankind	  and	  our	  planet	  that	  cannot	  be	  overstated.	  	  A	  pioneer	  researcher,	  Norman	  Borlaug	  was	  awarded	  the	  Nobel	  Peace	  Prize	  in	  1970,	  credited	  with	  saving	  a	  billion	  lives.	  	  Since	  that	  time,	  in	  the	  face	  of	  unprecedented	  increases	  in	  human	  population,	  research	  in	  agriculture	  and	  deployments	  of	  resulting	  innovations	  have	  further	  reduced	  the	  number	  and	  fraction	  of	  undernourished	  people.	  	  Improved	  agricultural	  productivity	  has	  also	  contributed	  to	  major	  shifts	  in	  the	  demographics	  of	  poverty,	  shifts	  in	  diets	  and	  diet-­‐related	  public	  health,	  urbanization,	  the	  rise	  of	  the	  BRIC	  countries,	  and	  significant	  restructuring	  of	  local	  and	  global	  economic	  systems.	  	  Current	  agricultural	  practices	  also	  have	  enormous	  effects	  on	  the	  environment,	  some	  positive,	  such	  as	  the	  reduced	  need	  for	  agricultural	  land	  conversion	  due	  to	  higher	  productivity,	  some	  considered	  negative,	  through	  water	  extraction,	  pollution,	  loss	  of	  biodiversity	  and	  by	  contributing	  to	  climate	  change.	  This	  report	  has	  been	  requested	  as	  an	  overview	  of	  the	  research	  agenda	  for	  the	  international	  agricultural	  research	  community	  looking	  forward,	  anchoring	  in	  a	  set	  of	  international	  research	  centres	  with	  global	  mandates	  to	  serve	  the	  world's	  poorest	  people.	  	  The	  first	  of	  these	  centres	  originated	  when	  U.S.	  Secretary	  of	  Agriculture	  and	  Vice	  President,	  H.A.	  Wallace,	  also	  founder	  of	  Pioneer	  Seed	  Co.,	  advocated	  for	  extending	  investments	  in	  agricultural	  research,	  education	  and	  extension	  through	  new	  cooperative	  institutions	  in	  the	  developing	  world.	  	  Wallace's	  initial	  commitment	  in	  Mexico,	  focused	  on	  wheat,	  eventually	  became	  the	  International	  Maize	  and	  Wheat	  Improvement	  Centre	  known	  by	  its	  Spanish	  acronym,	  CIMMYT.	  	  This	  centre	  was	  one	  of	  the	  founding	  members	  of	  the	  CGIAR	  (Consultative	  Group	  on	  International	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Agricultural	  Research),	  an	  international	  agricultural	  research	  network	  now	  focused	  on	  “reducing	  rural	  poverty,	  increasing	  food	  security,	  improving	  human	  health	  and	  nutrition,	  and	  ensuring	  more	  sustainable	  management	  of	  natural	  resources.”	  	  	  Today,	  this	  network	  is	  comprised	  of	  15	  international	  agricultural	  research	  centres,	  which,	  with	  the	  coordinating	  CGIAR	  Consortium,	  share	  funding	  streams,	  aligned	  research	  commitments	  and	  co-­‐location.	  	  These	  centres	  bring	  together	  diverse	  regional,	  technical	  and	  disciplinary	  focus	  in	  agricultural	  research,	  broadly	  defined,	  working	  across	  applied	  natural	  and	  social	  sciences.	  	  The	  CGIAR	  centres,	  along	  with	  other	  international	  organizations	  such	  as	  the	  FAO	  and	  The	  World	  Vegetable	  Centre	  (AVRDC),	  as	  well	  as	  national	  programmes,	  have	  provided	  much	  innovation	  toward	  major	  gains	  in	  agricultural	  productivity	  and	  resilience,	  particularly	  focused	  on	  benefits	  to	  the	  world's	  poorest	  people.	  	  These	  centres	  have	  also	  contributed	  to	  the	  improvement	  of	  food	  and	  nutritional	  security,	  while	  serving	  as	  crucial	  development	  partners	  for	  many	  national	  and	  regional	  organizations	  in	  Africa,	  Asia	  and	  Latin	  America.	  	  	  In	  the	  21st	  century,	  challenges	  in	  agricultural	  and	  food	  systems	  loom	  large.	  	  These	  challenges,	  and	  their	  intersections	  with	  water,	  energy,	  health	  and	  infrastructure,	  now	  command	  attention	  and	  investment	  motivated	  by	  a	  wide	  range	  of	  concerns	  and	  potential	  opportunities.	  	  Addressing	  these	  issues	  through	  research	  in	  a	  trans-­‐disciplinary	  globalized	  world	  with	  about	  10	  billion	  people	  expected	  by	  2050	  will	  require	  an	  improved	  ability	  to	  increase	  agricultural	  outputs,	  as	  well	  as	  improve	  social	  and	  environmental	  outcomes	  across	  scales.	  	  It	  is	  clear	  that	  our	  food	  systems	  looking	  forward	  will	  determine	  both	  the	  wellbeing	  of	  humanity	  and	  the	  planet.	  	  	  While	  the	  historical	  focus	  on	  yield	  potential	  and	  resource	  use	  efficiency	  has	  had	  huge	  benefits	  to	  humanity,	  we	  now	  understand	  that	  the	  integrated	  goal	  of	  food	  and	  nutritional	  security	  must	  be	  the	  target	  of	  agricultural	  research	  investments.	  	  Today	  over	  800	  million	  still	  people	  suffer	  from	  lack	  of	  calories,	  and	  considerably	  more	  suffer	  from	  various	  nutrient	  deficiencies.	  	  At	  the	  same	  time,	  an	  estimated	  two	  billion	  people	  in	  both	  the	  developing	  and	  developed	  worlds	  are	  now	  overweight	  or	  obese.	  	  	  The	  global	  availability	  of	  enough	  food	  of	  sufficient	  quality	  to	  meet	  basic	  nutritional	  requirements	  for	  good	  health	  is	  clearly	  a	  necessary	  but	  not	  sufficient	  condition	  for	  food	  and	  nutritional	  security.	  Further,	  the	  risks	  of	  focusing	  on	  short-­‐term	  productivity	  gains	  at	  the	  expense	  of	  the	  future	  are	  now	  quite	  clear.	  	  While	  some	  issues	  may	  fall	  solely	  within	  historically	  defined	  disciplines	  (agriculture,	  health,	  human	  psychology	  etc.)	  most	  issues	  have	  multi-­‐	  and	  inter-­‐disciplinary	  ramifications.	  	  We	  have	  been	  tasked	  with	  identifying	  the	  highest	  priority	  researchable	  topics	  in	  the	  area	  of	  applied	  natural	  and	  social	  sciences	  related	  to	  interventions	  focused	  on	  improving	  the	  lives	  of	  the	  world's	  poorest	  people.	  	  We	  did	  this	  taking	  into	  account	  current	  frontier	  thinking	  about	  agricultural	  and	  food	  systems,	  nutritional	  security	  and	  dietary	  health,	  and	  the	  expected	  major	  drivers	  of	  change	  in	  the	  coming	  decades.	  	  We	  explicitly	  take	  a	  food	  systems	  approach	  and	  do	  not	  limit	  the	  topics	  we	  consider	  to	  those	  solely	  or	  chiefly	  concerned	  with	  agriculture	  or	  that	  traditionally	  have	  been	  part	  of	  the	  CGIAR	  remit.	  	  This	  set	  of	  research	  topics	  is	  offered	  as	  the	  basis	  for	  a	  research	  agenda	  that	  reflects	  modern	  imperatives,	  capabilities,	  and	  is	  also	  respectful	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of	  the	  contexts	  in	  which	  innovations	  are	  deployed.	  	  Finally,	  we	  note	  there	  are	  several	  intellectual	  and	  institutional	  trends	  relevant	  to	  any	  global	  agricultural	  research	  agenda	  focused	  on	  public	  goods	  for	  the	  world's	  most	  vulnerable	  people	  looking	  forward.	  	  	  First,	  research	  in	  support	  of	  innovations	  in	  food	  systems,	  whatever	  the	  focus,	  should	  represent	  systematic	  explorations	  of	  how	  to	  "steer"	  these	  systems	  toward	  outcomes	  that	  better	  achieve	  our	  humanitarian	  and	  other	  development	  goals,	  assessed	  at	  various	  scales	  and	  in	  various	  ways.	  	  This	  view	  requires	  dynamic,	  integrated	  approaches	  to	  define	  and	  monitor	  both	  traditional	  agricultural	  outputs	  and	  socio-­‐ecological	  outcomes,	  particularly	  in	  the	  fragile,	  data-­‐scarce	  environments	  that	  often	  co-­‐occur	  with	  rural	  poverty.	  	  This	  infrastructure,	  itself,	  and	  the	  obvious	  assertion	  that	  we	  are	  always	  working	  at	  the	  land/water/energy/climate	  nexus,	  is	  both	  a	  research	  frontier	  itself,	  and	  enabling	  for	  all	  the	  research	  questions	  we	  will	  review.	  	  Relevant	  methodologies,	  concepts	  of	  "landscape	  sciences"	  and	  other	  innovations	  are	  evolving	  quickly,	  as	  are	  social	  and	  technical	  norms	  related	  to	  the	  accessibility,	  value	  and	  use	  of	  information.	  	  Access	  to	  large	  data	  streams,	  and	  geospatially	  based	  integration	  and	  visualization	  of	  system	  descriptors	  that	  underpin	  desired	  outcomes	  of	  all	  types	  will	  be	  a	  powerful	  analytical	  and	  experimental	  approach	  for	  all	  the	  research	  questions	  that	  follow.	  These	  new	  ways	  of	  doing	  agricultural	  research	  are	  themselves	  a	  subject	  for	  investigation.	  	  We	  have	  identified	  several	  research	  topics	  that	  focus	  directly	  on	  partnerships,	  impact	  analysis	  and	  priority	  setting.	  	  While	  open	  access	  to	  data	  and	  scholarly	  resources	  can	  be	  catalytic	  for	  innovation	  and	  is	  now	  the	  policy	  of	  the	  CGIAR	  Consortium,	  this	  trend	  only	  intensifies	  the	  need	  to	  ensure	  that	  guidelines	  for	  the	  responsible	  and	  ethical	  conduct	  of	  research,	  particularly	  involving	  human	  subjects,	  e.g.,	  rural	  household	  surveys,	  are	  rigorously	  implemented	  and	  enforced.	  	  Long	  term,	  large	  scale	  curation	  of	  data,	  analytical	  tools	  (e.g.,	  models)	  will	  require	  clear	  policies	  about	  data	  custody,	  access,	  open	  vs.	  closed	  source	  analytics	  etc.	  	  There	  is	  much	  global	  experience	  with	  the	  commitment	  to	  open	  source	  scientific	  publications,	  but	  issues	  that	  relate	  to	  the	  data	  and	  tools,	  e.g.,	  models	  used	  to	  generate	  those	  publications	  remain	  an	  important	  focus	  of	  institutional	  innovation	  in	  every	  research	  context	  we	  know.	  
II.	  Methodology	  	  The	  list	  of	  28	  priority	  topics	  listed	  in	  Section	  III	  is	  the	  work	  of	  the	  two	  authors	  informed	  by	  a	  two-­‐day	  facilitated	  workshop	  hosted	  by	  the	  Oxford	  Martin	  School	  at	  Jesus	  College,	  University	  of	  Oxford	  on	  14-­‐16	  May	  2014	  supported	  by	  the	  CGIAR	  Fund	  Council.	  	  We	  invited	  a	  range	  of	  globally	  eminent	  scholars	  and	  practitioners,	  many	  also	  with	  high-­‐level	  leadership	  experience	  (please	  see	  appended	  list).	  	  We	  included	  those	  with	  expertise	  in	  a	  wide	  range	  of	  core	  disciplines	  and	  technical	  approaches	  relevant	  to	  food	  systems	  research	  aimed	  to	  benefit	  the	  poorest	  people	  in	  low-­‐income	  countries.	  	  While	  we	  are	  most	  grateful	  for	  the	  input	  provided	  by	  this	  distinguished	  group,	  we	  did	  not	  use	  a	  formal	  consensus	  process	  to	  derive	  the	  final	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list	  of	  topics.	  	  Workshop	  participants	  have	  provided	  comments,	  key	  insights	  and	  in	  some	  cases	  text,	  but	  the	  responsibility	  for	  this	  list	  and	  the	  document	  as	  a	  whole	  rests	  solely	  with	  its	  authors.	  	  There	  is	  inevitably	  a	  degree	  of	  arbitrariness	  in	  the	  choice	  and	  framing	  of	  these	  topics	  and	  their	  arrangement,	  which	  does	  not	  reflect	  priority.	  	  We	  have	  focused	  our	  work	  on	  food	  systems,	  fully	  recognizing	  the	  overlaps	  of	  innovation	  in	  foods	  with	  water,	  energy,	  conflict,	  health	  and	  environment	  and	  many	  other	  areas	  of	  activity.	  	  We	  note	  that	  some	  topics	  within	  the	  CGIAR	  remit,	  forestry	  and	  biofuels	  in	  particular,	  are	  only	  tangentially	  included	  and	  then	  chiefly	  where	  there	  are	  synergies	  or	  trade	  offs	  with	  food	  production.	  The	  topics	  are	  grouped	  for	  convenience	  into	  four	  themes:	  productivity,	  sustainability	  and	  resilience;	  generating	  new	  knowledge;	  the	  food	  system;	  and	  information	  systems	  and	  analysis.	  	  In	  practice	  most	  topics	  span	  several	  themes	  and	  many	  equally	  valid	  thematic	  classifications	  could	  have	  been	  used.	  	  We	  comment	  on	  each	  topic	  under	  four	  headings:	  	  
Relevance.	  	  What	  is	  the	  relevance	  of	  this	  area	  for	  the	  design	  of	  interventions	  in	  the	  agricultural	  sector	  that	  will	  help	  improve	  the	  lives	  of	  the	  poorest	  in	  low	  to	  mid-­‐income	  countries?	  	  While	  there	  are	  many	  important	  agricultural	  research	  questions	  that	  primarily	  target	  food	  production	  in	  the	  developed	  world,	  or	  in	  highly	  mechanised	  agriculture,	  these	  are	  not	  included	  because	  they	  do	  not	  directly	  impact	  the	  world’s	  poorest	  people	  except	  through	  indirect	  effects	  on	  commodity	  prices	  which	  are	  not	  considered	  here.	  
Research	  gaps.	  To	  what	  degree	  is	  there	  a	  need	  for	  new	  research	  rather	  than	  the	  better	  translation	  of	  existing	  knowledge?	  	  Research	  in	  areas	  where	  there	  is	  little	  prospect	  of	  take	  up	  in	  the	  field	  can	  clearly	  not	  be	  a	  priority,	  though	  how	  to	  achieve	  more	  efficient	  translation	  can	  itself	  be	  a	  research	  goal.	  
Priorities.	  	  What	  are	  the	  short-­‐medium	  term	  priorities	  (~decadal)	  in	  this	  area?	  	  We	  list	  some	  priorities	  based	  on	  the	  workshop	  discussions	  and	  recent	  reviews	  and	  reports,	  though	  a	  comprehensive	  review	  of	  all	  crops	  and	  livestock	  in	  all	  agro-­‐ecological	  zones	  is	  beyond	  the	  scope	  of	  the	  report.	  
Success.	  	  What	  would	  success	  look	  like?	  We	  provide	  examples	  of	  significant	  research	  successes	  from	  a	  vantage	  point	  of	  ten-­‐twenty	  years	  in	  the	  future.	  	  In	  Section	  IV	  we	  explore	  how	  the	  priority	  topic	  we	  identify	  map	  onto	  current	  CGIAR	  strengths	  followed	  by	  some	  concluding	  observations.	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III.	  Research	  Topics	  
A. Productivity,	  sustainability	  &	  resilience	  1. Plant	  and	  animal	  breeding	  to	  increase	  yields,	  efficiency	  and	  resilience	  	  a. Relevance.	  	  Plant	  and	  animal	  breeding	  (including	  fish	  for	  aquaculture)	  has	  long	  at	  been	  the	  core	  of	  agricultural	  research	  and	  underpinned	  many	  of	  the	  advances	  of	  the	  Green	  Revolution.	  	  There	  has	  been	  concern	  that	  investment	  in	  breeding	  for	  yield	  improvement	  has	  declined	  in	  recent	  decades	  but	  also	  optimism	  that	  recent	  technical	  advances	  (¶	  2)	  may	  facilitate	  significant	  future	  progress.	  	  There	  is	  also	  an	  increasing	  realisation	  that	  genetic	  improvement	  to	  increase	  resilience	  to	  stress	  (especially	  climate	  change),	  and	  to	  improve	  nutritional	  outcomes	  and	  resource	  efficiency	  (for	  example	  the	  use	  of	  nutrients	  and	  water)	  are	  as	  important	  goals	  as	  increasing	  yields.	  	  There	  are	  also	  opportunities	  for	  breeding	  efforts	  to	  be	  directed	  at	  non-­‐traditional	  targets	  such	  as	  cover	  crops,	  trap	  crops,	  and	  species	  used	  in	  agroforestry,	  and	  to	  improve	  interactions	  between	  species	  when	  they	  are	  grown	  together.	  	  Plant	  and	  livestock	  breeding	  and	  the	  genetic	  resources	  that	  underpin	  directed	  genetic	  improvements	  of	  agricultural	  system	  components	  are	  of	  major	  relevance	  to	  poor	  food	  producers,	  although	  only	  if	  they	  involve	  breeds	  and	  varieties	  suitable	  for	  their	  agro-­‐ecological	  circumstances,	  and	  only	  if	  the	  results	  of	  genetic	  improvement	  can	  be	  made	  available	  to	  producers	  at	  scale	  and	  at	  prices	  they	  can	  afford.	  	  Where	  food	  is	  produced	  for	  more	  than	  subsistence	  there	  needs	  also	  to	  be	  markets	  for	  their	  products.	  b. Research	  gaps.	  	  There	  is	  particular	  scope	  for	  breeding	  for	  improved	  performance	  in	  the	  major	  crops	  (for	  example,	  maize,	  wheat,	  rice)	  and	  animals	  (for	  example	  cattle,	  pigs,	  small	  ruminants	  and	  poultry)	  under	  the	  conditions	  they	  are	  grown	  or	  reared	  by	  producers	  in	  low-­‐income	  countries,	  for	  example	  by	  achieving	  greater	  adaptation	  to	  the	  local	  agro-­‐environment	  and	  agricultural	  practices.	  	  Particular	  attention	  needs	  to	  be	  paid	  to	  how	  breeding	  can	  contribute	  to	  the	  improved	  performance	  of	  the	  whole	  agricultural	  system	  throughout	  the	  seasonal	  cycle.	  	  There	  are	  also	  major	  opportunities	  to	  improve	  and	  integrate	  “orphan”	  breeds	  and	  species	  that	  may	  be	  very	  important	  for	  poor	  producers	  but	  which	  so	  far	  have	  received	  comparatively	  little	  attention	  from	  formal	  breeding	  efforts.	  	  Breeding	  for	  improved	  fish	  species	  and	  feed	  for	  aquaculture	  in	  developing	  countries	  has	  received	  relatively	  little	  attention.	  	  These	  research	  gaps	  largely	  occur	  in	  areas	  as	  yet	  unattractive	  to	  private	  sector	  investment.	  	  c. Priorities.	  	  	  Breeding	  familiar	  and	  less	  familiar	  species	  that	  together	  will	  contribute	  to	  improved	  productivity	  and	  resilience	  of	  agricultural	  systems	  especially	  under	  interacting	  stressful	  conditions.	  	  Plants	  that	  can	  grow	  in	  saline	  soils	  and/or	  are	  more	  resistant	  to	  flooding.	  	  Selection	  of	  plant	  species	  and	  varieties	  that	  are	  amenable	  to	  multiple	  and	  mixed	  cropping,	  and	  whose	  non-­‐human-­‐edible	  waste	  can	  be	  used	  more	  efficiently	  for	  animal	  feed,	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energy	  generation	  and	  other	  functions.	  	  The	  domestication	  of	  novel	  species	  that	  may	  provide	  faster	  ways	  to	  achieve	  plants	  with	  traits	  such	  as	  perennation	  compared	  to	  conventional	  breeding	  of	  existing	  crops.	  	  Animal	  breeding	  for	  improved	  disease	  resistance.	  	  Study	  of	  wild	  relatives	  to	  combat	  genetic	  bottlenecks	  caused	  by	  domestication.	  	  Breeding	  plants	  with	  superior	  nutritional	  qualities	  that	  are	  also	  have	  human	  sensory	  appeal.	  	  Improvement	  of	  legumes	  so	  that	  they	  are	  more	  complete	  sources	  of	  protein	  for	  human	  nutrition.	  	  Plant	  breeding	  to	  produce	  better	  feeds	  for	  livestock	  and	  aquaculture.	  	  The	  characterization	  and	  curation	  of	  genetic	  resources	  and	  genetic	  diversity	  that	  are	  the	  foundation	  for	  flexibility	  and	  progress	  in	  breeding	  programs	  for	  the	  developing	  world.	  	  There	  are	  a	  number	  of	  national	  and	  international	  repositories	  for	  genetic	  resources	  such	  as	  germplasm	  collections	  (of	  both	  wild	  and	  cultivated	  species);	  it	  is	  important	  to	  review	  the	  scope	  of	  existing	  collections	  to	  identify	  any	  gaps	  and	  prioritise	  the	  allocation	  of	  existing	  resources	  and	  new	  investments.	  d. Success.	  	  The	  adoption	  by	  farmers	  in	  low-­‐income	  countries	  of	  new	  plant	  species,	  varieties	  and	  animal	  breeds	  that	  have	  a	  measurable	  positive	  effect	  on	  their	  production,	  profitability,	  nutritional	  status	  and	  resilience	  and	  which	  do	  not	  have	  a	  negative	  effect	  on	  the	  environment.	  	  Examples	  of	  breeding	  of	  non-­‐traditional	  agricultural	  species	  that	  have	  improved	  overall	  system	  performance.	  2. Emerging	  technologies:	  ‘omics’,	  synthetic	  biology	  and	  nanotechnology	  a. Relevance.	  	  The	  term	  “omics”	  is	  used	  to	  describe	  a	  suite	  of	  modern	  “big	  data”	  technologies	  associated	  with	  plant	  and	  animal	  genetics.	  	  “Omics”	  techniques	  involve	  surveying	  the	  complete	  (or	  nearly	  complete)	  set	  of	  a	  particular	  class	  of	  objects:	  thus	  genomics	  is	  the	  study	  of	  the	  complete	  genome,	  transcriptomics,	  the	  set	  of	  all	  transcribed	  genes,	  proteomics,	  the	  set	  of	  all	  proteins,	  and	  metabolomics,	  the	  set	  of	  all	  small	  molecules	  involved	  in	  metabolism.	  	  “Omics”	  has	  been	  revolutionary	  in	  that	  it	  has	  facilitated	  the	  discovery	  of	  new	  functional	  mechanisms	  without	  a	  priori	  hypotheses	  about	  which	  genes,	  proteins	  or	  interactions	  are	  involved.	  	  Although	  pioneered	  on	  laboratory-­‐model	  systems	  and	  them	  used	  for	  the	  most	  economically	  significant	  plant	  and	  animal	  species,	  it	  has	  the	  potential	  to	  be	  used	  much	  more	  widely	  on	  less	  studied	  species.	  	  Synthetic	  biology	  is	  the	  design	  or	  redesign	  of	  novel	  biological	  systems	  or	  their	  subcomponents.	  	  The	  most	  active	  current	  areas	  of	  this	  emerging	  subject	  involve	  microbial	  systems.	  	  Members	  of	  microbial	  communities	  associated	  with	  plants	  (for	  example	  in	  the	  rhizosphere	  or	  on	  the	  phylloplane)	  might	  be	  redesigned	  to	  improve	  plant	  nutrition	  or	  disease	  resistance,	  while	  species	  associated	  with	  animals	  (for	  example	  in	  the	  rumen)	  might	  be	  altered	  to	  improve	  nutrition	  or	  reduce	  greenhouse	  emissions.	  	  Nanotechnology	  is	  the	  manipulation	  of	  matter	  at	  near-­‐molecular	  scales.	  	  Possible	  applications	  in	  agriculture	  include	  disease,	  health	  and	  pregnancy	  diagnostics,	  improved	  delivery	  of	  nutrients	  and	  biocides,	  and	  better	  food	  storage	  and	  safety	  (¶8)	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b. Research	  gaps.	  	  Development	  of	  	  “omics”	  platforms	  (both	  experimental	  and	  bioinformatics)	  for	  “orphan”	  types	  and	  species	  of	  importance	  to	  the	  world's	  poorest	  people.	  	  Research	  into	  better	  prediction	  of	  phenotype	  and	  population	  performance	  from	  genotypes.	  	  Study	  of	  the	  potential	  application	  of	  synthetic	  biology	  and	  nanotechnology	  in	  low-­‐income	  countries.	  	  Application	  of	  new	  technologies	  to	  aquaculture.	  	  Knowledge	  bases	  and	  large	  integrated	  databases	  (building	  on	  projects	  such	  as	  ELIXER,	  KBase	  and	  iPlant)	  to	  ensure	  information	  relevant	  to	  developing	  country	  contexts	  and	  historical	  information	  related	  to	  agricultural	  system	  performance	  are	  adequately	  curated.	  c. Priorities.	  	  	  Genome-­‐wide	  association	  studies	  in	  less-­‐studied	  agriculturally	  significant	  species	  to	  better	  understand	  the	  functional	  basis	  of	  traits	  that	  contribute	  to	  productivity	  and	  resilience	  including	  pest	  and	  disease	  resistance,	  and	  response	  to	  abiotic	  challenges.	  	  Exploration	  of	  how	  emerging	  technologies	  may	  enable	  the	  realisation	  of	  “grand	  challenges”	  in	  plant	  and	  animal	  breeding;	  for	  example,	  perennation	  of	  annual	  crops,	  establishment	  of	  nitrogen	  fixation	  in	  non-­‐legume	  crops,	  radical	  redesign	  of	  above-­‐	  and	  below-­‐ground	  plant	  architecture	  to	  improve	  growth	  performance,	  creation	  of	  C4	  photosynthesis	  in	  C3	  plant	  species.	  	  	  d. Success.	  	  Centres	  of	  excellence	  that	  can	  apply	  modern	  emerging	  technologies	  to	  agriculture,	  relevant	  genetic	  resources,	  and	  food	  production	  in	  situations	  where	  likely	  low	  direct	  economic	  returns	  preclude	  major	  private	  sector	  investment.	  3. Labour	  markets	  and	  productivity	  	  a. Relevance.	  	  The	  ability	  of	  agriculture	  to	  produce	  food	  and	  support	  rural	  livelihoods	  is	  strongly	  affected	  by	  the	  dynamics	  of	  the	  labour	  market.	  	  Strong	  demand	  for	  labour	  from	  non-­‐agricultural	  sectors	  can	  lead	  to	  labour	  shortages	  in	  agriculture	  and	  also	  to	  investments	  that	  increase	  labour	  productivity.	  	  Weak	  demand	  can	  lead	  to	  labour	  surpluses,	  drive	  down	  wages	  and	  reduce	  living	  standards.	  	  The	  marginal	  productivity	  of	  labour	  is	  determined	  by	  investment	  in	  human	  capital	  and	  in	  machinery	  and	  mechanisation.	  	  Mechanisation	  reduces	  the	  demand	  for	  manual	  labour	  but	  provides	  skilled	  employment.	  The	  structure	  of	  the	  labour	  market	  is	  also	  important;	  for	  example,	  where	  small-­‐holder	  farming	  is	  the	  norm,	  are	  most	  food	  producers	  farm	  owners	  or	  wage	  labourers,	  and	  where	  larger	  farms	  are	  common	  is	  labour	  unionised?	  	  Agriculture	  labour	  forces	  are	  often	  dominated	  by	  women	  (¶9)	  and	  in	  many	  areas	  the	  overall	  labour	  force	  is	  aging.	  b. Research	  gaps.	  	  There	  is	  poor	  understanding	  of	  the	  structure	  and	  dynamics	  of	  labour	  markets	  in	  least-­‐developed	  countries,	  and	  about	  what	  interventions	  could	  have	  the	  greatest	  effects	  to	  improve	  productivity	  and	  rural	  livelihoods.	  c. Priorities.	  	  A	  better	  description	  of	  labour	  markets	  including	  the	  roles	  and	  relative	  importance	  of	  incumbent	  farmers,	  local	  wage	  labourers	  and	  migrant	  workers.	  	  Understanding	  of	  the	  positive	  and	  negative	  effects	  of	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measures	  designed	  to	  increase	  labour	  productivity	  (such	  as	  mechanisation)	  and	  their	  possible	  differential	  effects	  on	  women	  and	  men.	  	  Improved	  knowledge	  of	  how	  food	  prices	  are	  transmitted	  from	  markets	  to	  food	  producers	  and	  labourers.	  	  Research	  on	  the	  behavioural	  economics	  of	  labour	  markets	  and	  how	  agriculture	  can	  be	  made	  more	  attractive	  for	  young	  people.	  	  	  d. Success.	  A	  systematized	  set	  of	  insights	  leading	  to	  interventions	  that	  in	  different	  contexts	  improve	  rural	  livelihoods,	  productivity	  and	  demographic	  balance.	  4. The	  micro-­‐economics	  of	  food	  production	  in	  developing	  countries	  a. Relevance.	  	  The	  ability	  of	  small	  holders	  to	  support	  their	  family	  and	  become	  net	  food	  producers	  depends	  critically	  on	  the	  local	  economic	  environment.	  	  This	  determines,	  for	  example,	  the	  degree	  to	  which	  they	  can	  invest	  in	  food	  production;	  their	  ability	  to	  buffer	  shocks,	  tolerate	  risks	  and	  innovate;	  the	  costs	  of	  hiring	  workers	  on	  local	  labour	  markets	  (¶3);	  whether	  they	  have	  the	  capacity	  to	  store	  food	  as	  opposed	  to	  selling	  at	  times	  of	  surplus;	  the	  prices	  they	  achieve	  on	  local	  commodity	  markets;	  and	  whether	  they	  can	  supplement	  their	  income	  from	  non-­‐agricultural	  sources.	  	  A	  range	  of	  interventions	  is	  possible	  to	  help	  support	  smallholder	  producers	  such	  as	  micro-­‐credit	  and	  micro-­‐insurance,	  support	  for	  co-­‐operatives	  and	  related	  institutions,	  and	  input	  subsidies	  and	  price	  guarantees.	  	  These	  may	  be	  provided	  directly	  by	  the	  state	  or	  through	  state	  support	  for	  and	  encouragement	  of	  the	  private	  sector.	  	  The	  latter	  may	  directly	  intervene	  in	  smallholder	  production	  to	  improve	  their	  supply	  chains	  or	  to	  meet	  “Fairtrade”	  or	  similar	  certification	  criteria.	  b. Research	  gaps.	  	  While	  agricultural	  economics	  in	  developing	  countries	  is	  a	  very	  well	  established	  field,	  there	  is	  need	  for	  more	  research	  to	  understand	  the	  variety	  of	  different	  smallholder	  production	  systems,	  the	  different	  risks	  and	  opportunities	  associated	  with	  them,	  the	  value	  of	  different	  interventions	  in	  different	  settings,	  and	  the	  transition	  to	  mature	  market	  economies.	  c. Priorities.	  	  	  Identification	  of	  poverty	  traps	  and	  how	  they	  may	  be	  countered.	  	  Research	  on	  micro-­‐insurance	  for	  small	  holders	  and	  the	  use	  of	  ICT	  to	  reduce	  the	  cost	  of	  providing	  banking	  facilities	  to	  relatively	  poor	  customers.	  	  Studies	  of	  the	  effectiveness	  and	  affordability	  of	  different	  models	  of	  input	  support	  (e.g.	  fertiliser	  subsidies).	  	  More	  research	  on	  the	  behavioural	  psychology	  and	  behavioural	  economics	  of	  smallholder	  food	  producers,	  including	  strategies	  for	  dealing	  with	  single	  and	  multiple	  risks,	  and	  how	  interventions	  can	  be	  made	  more	  attractive	  to	  their	  intended	  beneficiaries.	  	  Better	  understanding	  of	  transitions	  between	  farming	  modalities,	  for	  example	  from	  subsistence	  farming	  to	  small	  businesses	  (and	  from	  there	  to	  medium-­‐sized	  businesses),	  and	  between	  pastoralism	  and	  other	  forms	  of	  agriculture.	  	  How	  systems	  of	  land	  tenure	  and	  water	  (and	  other)	  rights	  may	  be	  adjusted	  within	  political,	  cultural	  and	  other	  constraints	  to	  stimulate	  food	  production.	  	  The	  study	  of	  farm	  size	  dynamics	  and	  of	  governance	  models	  for	  shared	  resources.	  	  d. Success.	  	  Provision	  of	  financial	  services	  and	  financial	  risk	  transfer	  mechanisms	  for	  smallholders	  leading	  to	  demonstrably	  improved	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agricultural	  outputs	  and	  outcomes	  including	  employment	  and	  stimulation	  of	  the	  rural	  economy.	  	  Examples	  of	  changes	  to	  land	  tenure	  and	  water	  rights	  that	  lead	  to	  better	  sustainable	  yields	  and	  rural	  livelihoods.	  5. Nutrient	  cycling,	  efficiency	  and	  input	  substitution	  	  a. Relevance.	  	  Crop	  yields	  (land	  productivity)	  are	  limited	  by	  insufficient	  nutrients	  across	  most	  low-­‐income	  countries.	  	  However,	  nutrient	  application,	  especially	  if	  in	  excess	  and	  so	  leading	  to	  local	  and	  wider-­‐scale	  pollution,	  is	  also	  one	  of	  the	  major	  negative	  environmental	  externalities	  of	  agriculture.	  	  Increasing	  nutrient	  cycling	  (including	  the	  substitution	  of	  often	  expensive	  agrochemicals)	  and	  improved	  nutrient	  efficiency	  and	  retention	  has	  the	  potential	  to	  have	  major	  effects	  on	  both	  agricultural	  yields	  and	  the	  sustainability	  of	  agriculture.	  b. Research	  gaps.	  There	  is	  a	  substantial	  body	  of	  existing	  knowledge	  that	  if	  applied	  could	  lead	  to	  marked	  improvements	  in	  nutrient	  efficiency	  (though	  a	  better	  understanding	  of	  how	  this	  knowledge	  can	  be	  translated	  to	  the	  field	  is	  a	  research	  question	  itself).	  	  Nutrient	  efficiency	  can	  be	  improved	  by	  both	  low-­‐tech	  and	  high-­‐tech	  innovation,	  and	  research	  in	  agronomy	  and	  plant	  breeding	  is	  required.	  c. Priorities.	  Research	  into	  precision	  agriculture	  for	  better	  nutrient	  targeting	  (including	  simple	  agronomic	  practices,	  agricultural	  engineering,	  ICT,	  nanotechnology,	  improved	  formulation).	  	  Design	  of	  farming	  systems	  to	  achieve	  better	  nutrient	  cycling	  between	  crops,	  livestock	  and	  aquaculture,	  and	  to	  help	  increase	  soil	  carbon.	  	  Plant	  breeding	  to	  improve	  nutrient	  efficiency,	  both	  incremental	  selection	  and	  research	  on	  major	  innovations	  such	  as	  nitrogen	  fixation	  associated	  within	  non-­‐legume	  crops.	  	  Research	  on	  animal	  feeds	  and	  gut	  biota	  to	  improve	  nutrient	  efficiency.	  	  Studies	  of	  micronutrient	  deficiencies	  in	  tropical	  soils.	  	  Better	  models	  of	  knowledge	  transfer.	  	  	  d. Success.	  	  Major	  increases	  in	  agricultural	  yields	  per	  unit	  input	  with	  improved	  soil	  characteristics	  through	  multiple	  crops	  and	  mixed	  cropping	  systems	  in	  different	  contexts.	  	  One	  or	  more	  major	  innovations,	  such	  as	  the	  introduction	  of	  nitrogen	  fixation	  into	  non-­‐legume	  systems	  where	  additional	  reactive	  nitrogen	  will	  not	  exacerbate	  environmental	  issues	  including	  GHG	  emission.	  6. Weeds,	  pests	  and	  diseases	  a. Relevance.	  	  Weeds,	  pests	  and	  diseases	  are	  a	  problem	  for	  agriculture	  everywhere	  but	  particularly	  for	  poor-­‐country	  food	  producers	  with	  less	  access	  to	  modern	  pesticides.	  	  Because	  weeds,	  pests	  and	  diseases	  evolve	  novel	  threats	  continuously	  emerge.	  	  Increasing	  global	  travel	  and	  trade	  (¶22)	  are	  likely	  to	  spread	  more	  weeds,	  pests	  and	  diseases	  around	  the	  world,	  while	  climate	  change	  may	  also	  lead	  to	  greater	  pressures	  by,	  for	  example,	  disrupting	  natural	  pest	  control.	  	  There	  is	  the	  possibility	  of	  bioterrorism	  using	  agricultural	  pests	  and	  diseases.	  b. Research	  gaps.	  	  There	  has	  been	  insufficient	  investment	  in	  combatting	  biological	  threats	  to	  agriculture	  considering	  the	  potential	  scale	  of	  the	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problem.	  	  A	  more	  holistic	  approach	  to	  the	  use	  of	  biocides	  is	  also	  needed	  (for	  example	  considering	  how	  the	  use	  of	  agricultural	  insecticides	  can	  lead	  to	  resistance	  in	  the	  mosquitoes	  that	  transmit	  human	  disease,	  and	  how	  the	  use	  of	  bacterial	  antibiotics	  in	  agricultural	  can	  lead	  to	  drug-­‐resistant	  human	  pathogens).	  	  Application	  of	  modern	  genetic	  interventions	  to	  agricultural	  pests.	  c. Priorities.	  	  Research	  into	  new	  classes	  of	  control	  measures	  including	  system-­‐level	  integrated	  pest	  and	  disease	  management,	  biopesticides	  and	  chemical	  compounds	  that	  have	  fewer	  detrimental	  environmental	  effects.	  	  Better	  methods	  of	  resistance	  management	  to	  extend	  the	  useful	  life	  of	  biological	  and	  chemical	  control	  measures.	  	  Breeding	  for	  pest	  and	  disease	  resistance,	  and	  for	  herbicide	  resistance	  in	  plants	  (both	  conventional	  and	  using	  modern	  biotech,	  ¶¶	  1	  &	  2).	  	  Ecosystem	  approaches	  to	  weed,	  pest	  and	  disease	  management,	  both	  on-­‐farm	  (¶	  10)	  and	  at	  the	  landscape	  level	  (¶	  13).	  	  Research	  on	  surveillance	  and	  epidemiological	  modelling	  of	  plant	  and	  animal	  disease	  to	  improve	  surveillance	  and	  disease	  control.	  	  Rapid	  disease	  diagnosis	  using	  “lab-­‐on-­‐a-­‐chip”	  and	  ICT	  (¶	  26).	  	  Research	  on	  agronomy,	  aquaculture	  and	  livestock	  management	  to	  reduce	  disease	  spread,	  and	  agronomy	  for	  weed	  management.	  	  Genetic	  approaches	  to	  weed,	  pest	  and	  disease	  management	  (for	  example	  genetic	  based	  sterile-­‐insect	  release).	  	  Study	  of	  how	  best	  to	  regulate	  biological	  control	  and	  genetic	  control	  of	  weeds,	  pests	  and	  diseases,	  and	  how	  better	  to	  approach	  phytosanitary	  and	  animal	  health	  regulation.	  	  Research	  on	  the	  intersection	  of	  human	  and	  animal	  health.	  d. Success.	  	  Examples	  of	  the	  reduced	  burden	  of	  weed,	  pests	  and	  disease	  as	  a	  consequence	  of	  successful	  translation	  of	  research	  into	  the	  field.	  	  7. Improving	  water-­‐use	  efficiency	  a. Relevance.	  	  Agriculture	  is	  the	  single	  most	  important	  user	  of	  freshwater	  resources	  available	  to	  humans.	  	  Many	  currently	  important	  agricultural	  areas	  are	  using	  water	  from	  aquifers	  and	  other	  sources	  at	  rates	  far	  higher	  than	  renewal.	  	  Several	  of	  these	  areas	  are	  likely	  to	  suffer	  very	  severe	  water	  shortages	  in	  the	  next	  decade	  that	  will	  render	  agriculture	  uneconomic	  or	  impossible.	  	  Increased	  competition	  from	  other	  sectors	  for	  water	  will	  exacerbate	  these	  problems.	  	  Climate	  change	  will	  have	  complex	  effects	  on	  water	  availability	  with	  changes	  in	  the	  spatial	  and	  temporal	  distribution	  of	  precipitation	  resulting	  in	  both	  winners	  and	  losers.	  	  However,	  the	  increased	  frequency	  of	  extreme	  events	  will	  lead	  to	  more	  droughts	  and	  more	  “wasted”	  water	  during	  floods;	  reductions	  in	  glacier	  cover	  and	  snowmelt	  will	  reduce	  the	  flow	  of	  rivers	  in	  some	  seasons.	  b. Research	  gaps.	  	  Improved	  down-­‐scaled	  climate	  models	  to	  help	  predict	  changing	  rainfall	  patterns,	  especially	  in	  the	  tropics.	  	  Research	  on	  water-­‐use	  efficiency	  in	  developing	  countries	  (including	  using	  market	  mechanisms),	  particularly	  in	  already	  arid	  areas	  that	  are	  likely	  to	  see	  even	  greater	  water	  stress.	  	  Systematized	  methods	  to	  select	  water	  stress	  tolerant	  genotypes	  and	  to	  understand	  the	  different	  opportunities	  to	  combat	  water	  stress	  at	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different	  times	  in	  the	  growing	  season.	  	  Exploration	  of	  the	  potential	  for	  improvements	  in	  water	  use	  efficiency	  to	  trigger	  unintended	  increases	  in	  total	  agricultural	  water	  consumption.	  c. Priorities.	  	  Better	  short	  and	  medium-­‐term	  weather	  monitoring	  and	  forecasting	  (and	  forecast	  dissemination)	  to	  help	  low	  income	  country	  farmers	  make	  time-­‐critical	  decisions	  about	  planting	  times,	  crop	  choice	  and	  nutrient	  management	  in	  the	  face	  of	  greater	  rainfall	  variation	  (¶	  26).	  	  Breeding	  for	  drought	  or	  flood	  resistant	  crops	  and	  breeds	  relevant	  to	  poor	  food	  producers,	  especially	  in	  the	  most	  drought	  or	  flood	  prone	  areas.	  	  Research	  into	  agronomic	  practices	  that	  reduce	  the	  demand	  for	  water	  and	  improve	  the	  efficiency	  of	  irrigation	  (including	  precision	  agriculture,	  ¶	  5).	  The	  economics	  of	  irrigation	  project	  financing,	  winter	  water	  storage	  and	  rainfall	  harvesting,	  and	  community	  water	  management.	  	  Studies	  of	  water	  management	  to	  reduce	  methane	  emissions	  (¶14).	  	  Models	  of	  water	  management	  that	  better	  take	  into	  account	  the	  needs	  of	  aquaculture	  and	  freshwater	  capture	  fisheries.	  Studies	  of	  trade-­‐offs	  between	  agricultural	  water	  use	  and	  environmental	  flows,	  and	  research	  into	  better	  management	  models.	  	  	  d. Success.	  	  Availability	  of	  immediately	  accessible	  weather	  forecasts	  and	  agronomic	  information	  on	  mobile	  phone	  apps	  to	  improve	  water-­‐use	  efficiency.	  	  Take	  up	  of	  newly	  developed	  or	  novel	  water	  stress	  tolerant	  crops	  by	  small-­‐holder	  farmers.	  	  Introduction	  of	  safeguards	  to	  avoid	  efficiency-­‐triggered	  increases	  in	  water	  use	  beyond	  sustainable	  limits.	  	  Introduction	  of	  better	  water-­‐pricing	  and	  other	  market	  mechanisms	  that	  encourage	  greater	  water-­‐use	  efficiency.	  8. Reducing	  food	  system	  waste	  in	  developing	  countries	  a. Relevance.	  	  It	  has	  been	  estimated	  that	  approximately	  30%	  of	  all	  food	  produced	  is	  never	  consumed,	  both	  in	  the	  developing	  and	  in	  the	  developed	  world.	  	  In	  the	  former,	  the	  majority	  of	  food	  waste	  occurs	  during	  harvest	  and	  in	  storage,	  and	  in	  the	  food	  supply	  chain	  from	  the	  farm	  to	  the	  consumer.	  	  Much	  waste	  occurs	  because	  of	  poor	  harvesting	  equipment	  and	  storage	  facilities,	  and	  the	  lack	  of	  refrigeration	  in	  the	  supply	  chain.	  	  Storage	  challenges	  are	  particularly	  great	  in	  tropical	  countries	  with	  high	  temperatures	  and	  humidity,	  poor	  infrastructure,	  and	  high	  frequencies	  of	  pests	  and	  diseases.	  	  These	  challenges	  are	  likely	  to	  be	  exacerbated	  by	  the	  higher	  temperature	  and	  greater	  frequencies	  of	  extreme	  events	  expected	  due	  to	  climate	  change.	  b. Research	  gaps.	  	  There	  has	  been	  much	  research	  into	  food	  storage	  practices	  that	  reduce	  waste	  in	  developing	  countries,	  though	  there	  is	  a	  need	  to	  apply	  modern	  technologies,	  breeding	  approaches	  and	  improved	  logistics	  and	  infrastructure	  in	  food	  supply	  networks	  in	  low-­‐income	  countries.	  	  Many	  of	  the	  issues	  concerning	  finance	  for	  investment	  in	  increased	  crop	  and	  animal	  yields	  (¶	  4)	  are	  also	  relevant	  to	  investment	  in	  reducing	  post-­‐harvest	  wastage.	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c. Priorities.	  	  Estimates	  of	  food	  wastage	  (including	  the	  30%	  quoted	  above)	  are	  poor	  and	  better	  data	  is	  needed	  to	  guide	  policy.	  	  Research	  into	  crop	  varieties	  that	  have	  better	  storage	  properties,	  better	  packing	  and	  transportation,	  and	  into	  controlling	  stored	  product	  pests	  and	  diseases.	  	  Engineering	  research	  into	  efficient	  and	  cheap	  cooling	  and	  refrigeration	  facilities	  appropriate	  to	  developing	  countries.	  	  	  d. Success.	  	  Development	  and	  uptake	  of	  crops	  varieties	  that	  are	  easier	  to	  store.	  	  Capture	  of	  waste	  in	  agricultural	  systems	  as	  nutrients	  or	  energy	  (¶	  10).	  	  Demonstrable	  reductions	  in	  food	  wastage	  in	  developing	  countries.	  9. Interventions	  to	  help	  women	  and	  other	  marginalized	  demographic	  groups	  including	  children	  a. Relevance.	  	  Women	  produce	  approximately	  60%	  of	  agricultural	  output	  in	  Africa.	  	  Throughout	  the	  developing	  world	  there	  is	  a	  disproportionate	  concentration	  of	  disadvantaged	  demographic	  groups	  (for	  example	  people	  from	  lower	  castes	  or	  ethnic	  minorities)	  in	  the	  agricultural	  sector.	  	  Interventions	  that	  support	  agriculture	  can	  thus	  have	  the	  additional	  benefit	  of	  helping	  groups	  that	  are	  hard	  to	  reach	  through	  other	  measures,	  although	  this	  may	  only	  happen	  if	  interventions	  are	  explicitly	  co-­‐designed	  and	  evaluated	  with	  the	  target	  groups	  concerned.	  b. Research	  gaps.	  	  There	  has	  been	  a	  lack	  of	  gender	  awareness	  and	  consideration	  of	  marginalised	  groups	  in	  agricultural	  research	  in	  developing	  countries.	  	  Research	  is	  required	  into	  means	  of	  assessing	  the	  success	  of	  different	  agricultural	  and	  policy	  interventions	  that	  take	  into	  account	  their	  full	  range	  of	  context-­‐specific	  socioeconomic	  consequences,	  and	  especially	  impacts	  on	  labour	  markets	  as	  they	  affect	  marginal	  groups.	  	  More	  understanding	  is	  needed	  of	  how	  diets	  are	  affected	  by	  behavioural	  changes	  (such	  as	  preference	  from	  food	  types	  that	  require	  less	  preparation	  time	  by	  women)	  	  c. Priorities.	  	  Better	  data	  on	  the	  role	  of	  women	  and	  marginalised	  groups	  in	  food	  production.	  	  There	  is	  a	  lack	  of	  knowledge	  about	  methods	  to	  evaluate	  which	  interventions	  are	  most	  or	  least	  effective	  for	  a	  workforce	  that	  is	  particularly	  composed	  of	  women	  or	  demographic	  groups	  with	  low	  prestige	  and	  influence.	  	  Such	  interventions	  include	  the	  introduction	  of	  farming	  techniques	  that	  may	  be	  physically	  difficult	  for	  women	  or	  culturally	  incompatible,	  or	  micro-­‐finance	  or	  other	  community	  initiatives	  from	  which	  certain	  castes	  or	  ethnic	  groups	  are	  excluded.	  	  A	  better	  understanding	  is	  needed	  of	  how	  extension	  services	  and	  related	  institutions	  can	  be	  designed	  to	  improve	  the	  skills	  of	  women	  and	  other	  groups,	  especially	  in	  societies	  when	  women’s	  freedom	  to	  mix	  freely	  is	  restricted.	  	  Research	  is	  needed	  into	  how	  women	  and	  disadvantaged	  groups	  can	  provide	  input	  into	  setting	  research	  priorities,	  as	  well	  as	  the	  dynamic	  response	  of	  agricultural	  labour	  markets	  to	  policy	  changes.	  	  	  d. Success.	  	  Examples	  of	  proven	  successful	  interventions	  designed	  to	  be	  taken	  up	  by	  women	  and	  marginalized	  demographic	  groups.	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10. Designing	  sustainable	  farms	  	  a. Relevance.	  	  Sustainability	  has	  many	  dimensions	  but	  in	  this	  section	  we	  concentrate	  on	  how	  farming	  can	  be	  conducted	  in	  a	  way	  that	  does	  not	  compromise	  the	  ability	  of	  the	  farm	  to	  continue	  to	  be	  as	  or	  more	  productive	  in	  the	  future.	  	  This	  is	  a	  critical	  issue	  for	  all	  farmers	  but	  in	  particular	  for	  poor	  farmers	  in	  low-­‐income	  countries	  because:	  1)	  their	  baseline	  is	  frequently	  an	  already	  degraded	  agro-­‐environment;	  2)	  their	  immediate	  economic	  needs	  may	  force	  them	  to	  adopt	  unsustainable	  practices;	  3)	  they	  frequently	  face	  particular	  severe	  weather	  challenges,	  for	  example	  from	  drought	  and	  flood.	  	  b. Research	  gaps.	  	  A	  considerable	  amount	  is	  known	  already	  about	  management	  practices	  that	  will	  improve	  farm	  sustainability	  in	  least-­‐developed	  countries.	  	  Major	  barriers	  to	  their	  implementation	  include	  poor	  knowledge	  sharing	  and	  transfer,	  poor	  policy	  including	  lack	  of	  incentives	  and	  lack	  of	  economic	  safety	  nets	  that	  can	  drive	  short-­‐term	  unsustainability.	  	  Nevertheless,	  the	  design	  of	  sustainable	  farms	  will	  benefit	  greatly	  from	  context-­‐specific	  research	  on	  tropical	  soil	  science,	  hydrology,	  agronomy	  and	  agro-­‐ecology.	  	  There	  is	  also	  a	  need	  for	  better	  understanding	  of	  the	  “business	  model”	  for	  sustainability	  and	  the	  degree	  to	  which	  farming	  on	  the	  one	  hand	  produces	  public	  goods	  and	  on	  the	  other	  benefits	  from	  the	  provision	  of	  ecosystem	  services.	  	  Research	  is	  required	  into	  whether	  insights	  from	  organic	  and	  other	  "alternative"	  practices	  can	  be	  made	  mainstream	  to	  improve	  sustainability	  at	  scale.	  c. Priorities.	  	  Improved	  understanding	  of	  tropical	  soils,	  nutrient	  recycling	  and	  the	  use	  of	  crop	  residues	  (¶	  5).	  	  Research	  into	  sustainable	  agronomic	  techniques	  such	  as	  low	  and	  reduced	  tillage,	  optimum	  grazing	  levels,	  erosion	  control,	  cover	  crops,	  fallowing	  regime,	  integrated	  cropping	  and	  mixed	  systems	  (including	  annual/perennial	  mixes),	  and	  agroforestry.	  	  More	  study	  is	  needed	  of	  the	  agro-­‐environmental	  contexts	  in	  which	  different	  interventions	  can	  provide	  benefit,	  and	  the	  business	  case	  and	  behavioural	  economics	  of	  adoption.	  	  Much	  agricultural	  land	  is	  degraded	  and	  further	  research	  is	  needed	  on	  land	  restoration.	  	  Research	  on	  better	  sharing	  of	  local	  knowledge	  on	  sustainable	  farming	  practices,	  as	  well	  as	  improved	  dissemination	  of	  research	  findings	  (¶¶	  25	  &	  26).	  	  	  d. Success.	  	  Example	  of	  the	  successful	  translation	  of	  existing	  knowledge	  and	  new	  research	  to	  make	  a	  measurable	  difference	  to	  on-­‐farm	  sustainability.	  	  The	  establishment	  of	  mechanisms	  (such	  as	  farmer	  field	  schools)	  that	  can	  share	  sustainability	  insights	  and	  best	  practice.	  	  A	  clear	  roadmap	  that	  can	  be	  used	  by	  donors	  and	  program	  designers	  to	  help	  improve	  the	  impact	  of	  their	  actions	  on	  sustainable	  practices	  of	  poor	  farmers.	  11. Understanding	  and	  measuring	  the	  key	  attributes	  of	  sustainability	  	  a. Relevance.	  Sustainability	  is	  a	  complex	  concept	  with	  numerous	  dimensions	  that	  can	  be	  assessed	  over	  different	  spatial	  and	  temporal	  scales.	  	  A	  further	  complication	  is	  that	  sustainability	  has	  socio-­‐political	  and	  cultural	  components	  and	  hence	  cannot	  be	  defined	  in	  biophysical	  terms	  alone.	  Nevertheless,	  designing	  farming	  and	  landscape	  systems	  that	  maintain	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productivity	  into	  the	  future,	  and	  are	  resilient	  to	  likely	  shocks,	  requires	  progress	  to	  be	  monitored	  which,	  in	  turn,	  requires	  the	  ability	  to	  gather	  and	  integrate	  information	  on	  the	  different	  components	  of	  sustainability	  as	  well	  as	  their	  potential	  synergies	  and	  trade-­‐offs	  and	  test	  its	  value.	  	  	  b. Research	  gaps.	  	  Research	  on	  all	  aspects	  of	  sustainability	  metrics	  in	  tropical	  countries	  has	  lagged	  behind	  equivalent	  work	  in	  the	  developed	  world.	  	  	  c. Priorities.	  	  The	  development	  of	  a	  small	  set	  of	  useful	  sustainability	  metrics	  for	  different	  agro-­‐ecological	  production	  zones	  in	  less-­‐developed	  countries.	  	  Real-­‐time	  monitoring	  of	  environmental	  variables	  relevant	  to	  sustainability	  using	  remote	  sensing	  (¶	  26).	  	  Co-­‐ordination	  of	  a	  few	  widely	  applicable	  integrated	  sustainability	  metrics	  that	  reflect	  human	  health	  and	  economic	  wellbeing	  as	  well	  as	  environmental	  outcomes.	  d. Success.	  	  The	  provision	  and	  adoption	  of	  sustainability	  metrics,	  and	  the	  demonstration	  that	  they	  drive	  better	  practice.	  	  Reasonable	  estimates	  of	  the	  cost-­‐to-­‐benefit	  ratio	  of	  obtaining	  sustainability	  metrics	  that	  could	  be	  used	  to	  drive	  needed	  investments	  in	  a	  target	  area.	  	  Shared	  understanding	  of	  the	  value	  of	  sustainability	  metrics	  across	  the	  relevant	  stakeholders	  who	  will	  need	  to	  design,	  implement	  and	  use	  indicators	  in	  practice.	  12. Bolstering	  resilience	  of	  agricultural	  systems	  a. Relevance.	  	  In	  this	  context	  resilience	  is	  the	  capacity	  of	  the	  agricultural	  system	  to	  continue	  to	  produce	  food	  and	  support	  livelihoods	  in	  the	  face	  of	  change	  and	  disturbance	  from	  any	  cause,	  though	  the	  high	  likelihood	  of	  climate	  change	  and	  the	  associated	  higher	  frequency	  of	  extreme	  events	  are	  particularly	  pressing	  issues.	  	  Poor	  people	  have	  fewer	  options	  for	  economic	  buffering,	  especially	  in	  least	  developed	  countries,	  and	  hence	  this	  issue	  is	  of	  high	  relevance.	  b. Research	  gaps.	  	  Despite	  intense	  research	  in	  climate	  modelling	  we	  still	  have	  limited	  ability	  to	  predict	  weather	  shocks,	  especially	  in	  low-­‐latitude	  countries,	  and	  a	  lack	  of	  knowledge	  about	  the	  local	  weather	  and	  climate	  variation	  that	  might	  be	  expected.	  	  While	  it	  is	  generally	  accepted	  that	  diversification	  is	  a	  good	  strategy	  to	  increase	  resilience,	  it	  is	  much	  less	  clear	  how	  best	  to	  do	  this	  at	  the	  farm	  level	  (for	  example	  crop	  diversification	  versus	  economic	  diversification).	  	  c. Priorities.	  	  Plant	  and	  animal	  breeding	  for	  greater	  stress	  tolerance	  (¶¶	  1	  &	  2).	  Building	  local	  capacity	  for	  breeding	  in	  support	  of	  climate-­‐change	  adaptation	  in	  the	  regions	  of	  greatest	  need.	  	  Provision	  of	  a	  more	  diverse	  array	  of	  crop	  and	  livestock	  species	  and	  varieties	  that	  may	  help	  risk	  spreading	  in	  the	  face	  of	  increased	  weather	  variability.	  	  Research	  to	  identify	  measures	  that	  both	  improve	  sustainability	  (¶¶	  7	  &	  10)	  and	  increase	  resilience	  through	  climate	  change	  adaptation.	  	  Better	  early	  warning	  of	  weather-­‐related	  threats	  capitalising	  on	  recent	  advances	  in	  medium-­‐term	  weather	  forecasting	  and	  ICT	  (¶	  26).	  	  Landscape-­‐scale	  strategies	  for	  adaptation	  to	  extreme	  weather	  and	  other	  stresses	  (¶	  13).	  	  Social	  and	  economic	  research	  into	  (1)	  more	  efficient	  insurance	  and	  other	  financial	  risk	  transfer	  mechanisms	  for	  small-­‐	  and	  medium-­‐producers,	  (2)	  sovereign	  insurance	  and	  re-­‐insurance,	  (3)	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policy	  to	  create	  an	  enabling	  environment	  for	  private	  sector	  participation.	  	  Systematic	  assessments	  of	  sources	  of	  risk	  and	  uncertainty	  (biophysical,	  economic	  and	  human)	  for	  different	  farming	  systems	  (¶	  24).	  	  Design	  of	  resilient	  infrastructure	  (for	  example	  roads,	  bridges	  and	  railways	  that	  can	  withstand	  larger	  and	  more	  frequent	  extreme	  weather	  events).	  	  Study	  of	  how	  research	  on,	  and	  adoption	  of,	  resilience	  strategies	  that	  produce	  benefits	  only	  in	  the	  long-­‐term	  can	  be	  better	  facilitated.	  d. Success.	  	  Proven	  demonstration	  that	  pro-­‐resilience	  interventions	  have	  successfully	  improved	  the	  ability	  of	  food	  producers	  to	  withstand	  significant	  shocks.	  	  Improved	  ability	  to	  discriminate	  more	  effective	  and	  less	  effective	  resilience	  strategies.	  13. Landscape-­‐scale	  agricultural	  systems	  	  a. Relevance.	  	  Many	  important	  factors	  influencing	  productivity	  and	  sustainability	  must	  be	  considered	  at	  spatial	  scales	  greater	  than	  the	  farm,	  and	  they	  are	  grouped	  together	  here	  as	  landscape-­‐scale	  processes.	  	  These	  include	  management	  of	  watersheds,	  efficient	  resource	  utilisation	  across	  farms	  and	  food	  producers	  (for	  example	  integration	  of	  farming	  and	  aquaculture),	  the	  role	  of	  ecosystem	  services	  in	  supporting	  food	  production,	  as	  well	  as	  strategies	  to	  maintain	  forests	  and	  other	  habitats	  of	  importance	  as	  carbon	  stores	  and	  for	  biodiversity.	  	  Land	  use	  policy	  is	  important	  for	  all	  countries	  of	  whatever	  stage	  of	  development.	  	  b. Research	  gaps.	  	  Substantial	  knowledge	  and	  expertise	  in	  many	  areas	  of	  land-­‐use	  policy	  already	  exist,	  but	  their	  application	  in	  least-­‐developed	  countries	  is	  hindered	  by	  the	  lack	  of	  the	  institutional	  structures	  and	  good	  quality	  monitoring	  data	  required	  for	  their	  implementation.	  	  The	  existing	  knowledge	  base	  is	  strongly	  biased	  to	  temperate,	  developed	  countries.	  There	  is	  need	  for	  better	  understanding	  of	  landscape	  processes	  in	  low-­‐	  and	  middle-­‐income	  countries.	  c. Priorities.	  	  Improved	  matching	  of	  crops,	  farming	  systems	  and	  non-­‐agricultural	  uses	  to	  the	  local	  environmental,	  cultural,	  political	  and	  financial	  context	  (and	  an	  understanding	  of	  barriers	  to	  this	  process).	  	  Development	  of	  land	  use	  policies	  that	  lead	  to	  the	  provision	  of	  ecosystem	  services	  important	  to	  agriculture	  but	  which	  are	  produced	  on	  non-­‐agricultural	  land.	  	  Research	  on	  catchment-­‐level	  hydrology	  in	  developing	  countries	  to	  improve	  water	  management	  (¶	  7)	  and	  help	  adaptation	  to	  climate	  change	  (¶	  12).	  	  “Soft”	  landscape	  engineering	  to	  increase	  resilience	  to	  floods	  and	  other	  challenges	  (¶	  12).	  	  Research	  on	  integration	  of	  agriculture	  and	  agroforestry,	  and	  on	  landscape-­‐level	  restoration	  of	  degraded	  land.	  	  Better	  understandings	  of	  trade-­‐offs	  between	  yields	  and	  biodiversity	  and	  the	  appropriateness	  of	  land	  sharing,	  land	  sparing	  and	  connectivity	  for	  maintaining	  biodiversity	  in	  different	  contexts.	  Research	  on	  capacity	  building	  for	  developing	  and	  implementing	  land-­‐use	  policy	  in	  least	  developed	  countries,	  including	  in	  models	  of	  payment	  for	  ecosystem	  services.	  	  Mesoscale	  modelling	  (¶	  23).	  d. Success.	  	  Example	  of	  the	  successful	  implementation	  of	  landscape-­‐scale	  policies	  that	  are	  politically	  sustainable	  (i.e.	  enjoy	  broad	  stakeholder	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support)	  and	  which	  materially	  improve	  the	  wellbeing	  of	  the	  farmers	  and	  food	  producers	  and	  their	  environments.	  	  The	  development	  of	  robust	  mechanisms	  for	  tracking	  efforts	  to	  manage	  agricultural	  landscapes	  sustainably	  that	  characterize	  interventions,	  measure	  outcomes,	  and	  untangle	  impact	  pathways.	  	  	  14. Climate-­‐change	  mitigation	  a. Relevance.	  	  Agriculture	  is	  directly	  responsible	  for	  approximately	  15%	  of	  all	  human	  greenhouse	  gas	  (GHG)	  emissions	  (with	  a	  further	  15%	  coming	  from	  indirect	  effects	  such	  as	  land	  conversion)	  though	  currently	  agriculture	  is	  not	  considered	  within	  the	  Kyoto	  Protocol.	  	  Current	  initiatives	  seek	  to	  increase	  agriculture’s	  resilience	  to	  climate	  change	  (adaptation;	  ¶	  12),	  reduce	  GHG	  emissions	  for	  food	  production,	  and	  enhance	  carbon	  storage	  in	  agro-­‐ecosystems.	  	  Developing	  countries	  produce	  far	  fewer	  GHG	  emissions	  per	  
capita	  than	  developed	  countries	  and	  it	  is	  widely	  acknowledged	  that	  GHG	  emissions	  from	  agriculture	  in	  these	  countries	  may,	  at	  least	  in	  the	  short	  term,	  need	  to	  increase.	  	  b. Research	  gaps.	  	  Identification	  of	  possible	  “win-­‐win”	  interventions	  where	  yields	  are	  increased	  and	  GHG	  emissions	  reduced.	  	  Understanding	  soil	  carbon	  dynamics	  and	  climate-­‐smart	  agronomy,	  especially	  in	  the	  tropics.	  	  Studies	  of	  the	  feasibility	  of	  extending	  REDD-­‐type	  mechanisms,	  carbon	  markets	  and	  carbon	  offsetting	  to	  reward	  carbon	  storage	  on	  agricultural	  lands,	  and	  development	  of	  financial	  mechanisms	  to	  encourage	  soil	  management	  to	  reduce	  NOX	  and	  other	  greenhouse	  gas	  emissions	  from	  soil.	  c. Priorities.	  	  Better	  understanding	  of	  interventions	  that	  increase	  carbon	  storage	  in	  soils	  of	  low	  income	  countries	  (including	  topics	  such	  as	  reduced	  or	  no	  tillage,	  planting	  annual	  cover	  crops,	  perennial	  crops	  and	  trees,	  and	  biochar	  application	  that	  often	  also	  have	  other	  sustainability	  benefits);	  (¶	  10).	  Improved	  approaches	  to	  measurement	  of	  greenhouse	  gases	  from	  agricultural	  systems.	  	  Research	  on	  reduced	  greenhouse	  gas	  emissions	  through,	  for	  example,	  more	  efficient	  fertiliser	  application	  (¶	  5),	  water	  management	  to	  reduce	  methane	  emissions	  from	  paddy	  fields,	  feed	  modification	  and	  gut	  flora	  manipulation	  to	  reduce	  methane	  emissions,	  and	  manure	  management	  to	  reduce	  nitrous	  oxide	  release.	  	  Research	  to	  increase	  on-­‐farm	  energy	  generation.	  	  Better	  dissemination	  of	  current	  best	  practices,	  and	  the	  provision	  of	  much	  more	  targeted	  and	  specific	  information	  for	  farmer	  (¶	  25).	  d. Success.	  	  A	  developing	  body	  of	  systematic	  knowledge	  regarding	  interventions	  that	  have	  been	  shown	  both	  to	  increase	  yields	  and	  reduce	  GHGs	  easily	  accessible	  to	  a	  wide	  user	  base.	  	  
B. The	  process	  of	  generating	  new	  knowledge	  15. Innovation,	  adoption	  and	  transformational	  change	  	  a. Relevance.	  	  The	  creation	  and	  adoption	  of	  the	  new	  knowledge	  required	  by	  farmers	  and	  food	  producers	  in	  low-­‐income	  countries	  requires	  a	  functional	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network	  of	  information	  exchange,	  aggregation	  and	  integration	  linking	  innovators	  with	  end-­‐users.	  	  Innovators	  need	  to	  be	  responsive	  to	  the	  needs	  of	  end-­‐users	  and	  there	  must	  be	  clear	  pathways	  for	  translating	  research,	  and	  the	  associated	  knowledge	  skills	  required	  for	  its	  use,	  to	  the	  farm	  as	  well	  as	  for	  the	  reciprocal	  transmission	  of	  information	  about	  farmer-­‐led	  innovations	  to	  the	  research	  community.	  	  Particular	  attention	  is	  required	  on	  realistic	  business	  models	  where	  it	  is	  envisaged	  that	  the	  private	  sector	  or	  non-­‐profit	  organizations	  acting	  as	  market	  makers	  will	  take	  up	  and	  disseminate	  innovation	  in	  low-­‐income	  countries.	  	  It	  is	  often	  helpful	  to	  distinguish	  three	  scenarios:	  1)	  translating	  and	  disseminating	  clearly	  useful	  innovations;	  2)	  synthesising	  information	  and	  performing	  experiments	  to	  assess	  the	  relative	  worth	  of	  different	  interventions;	  3)	  creating	  new	  knowledge	  to	  address	  an	  unmet	  need.	  b. Research	  gaps.	  	  An	  understanding	  of	  the	  take-­‐up	  of	  incremental	  and	  transformational	  innovations	  applicable	  to	  smallholder	  producers	  and	  small-­‐	  and	  medium-­‐sized	  enterprises	  in	  countries	  with	  immature	  market	  structures.	  	  c. Priorities.	  	  Better	  understanding	  of	  the	  micro-­‐economic	  and	  behavioural	  determinants	  of	  technology	  adoption,	  and	  of	  how	  to	  leverage	  the	  innovative	  power	  of	  the	  private	  sector	  in	  less-­‐developed	  country	  food	  sectors.	  	  d. Success.	  	  Examples	  of	  the	  translation	  of	  innovation	  to	  address	  challenges	  raised	  by	  smallholders	  (some	  of	  which	  may	  capitalise	  on	  their	  understanding	  of	  local	  farming	  systems).	  	  More	  examples	  of	  successful	  small	  and	  medium	  size	  enterprises	  translating	  new	  knowledge	  to	  improve	  smallholder	  productivity	  and	  efficiency.	  16. Community	  prioritising	  of	  big	  science	  projects	  	  a. Relevance.	  	  Many	  research	  communities	  have	  institutional	  mechanisms	  that	  allow	  them	  to	  come	  together	  and	  prioritise	  big	  science	  projects	  of	  general	  value	  to	  the	  whole	  community.	  	  These	  include	  the	  astronomy	  and	  high-­‐energy	  physics	  communities,	  and,	  until	  the	  cost	  dramatically	  dropped,	  the	  genomics	  communities.	  	  The	  type	  of	  major	  project	  that	  is	  relevant	  here	  might	  include	  dedicated	  satellites	  and	  other	  earth	  observation	  monitoring,	  drone	  fleets	  or	  ground-­‐based	  smart	  sensor	  networks	  to	  collect	  biophysical	  data	  critical	  for	  agriculture;	  global	  ICT	  infrastructure	  for	  food	  system	  informatics	  or	  the	  cyber-­‐infrastructure	  to	  share	  data	  about	  the	  genetics	  and	  germplasm	  of	  species	  critical	  to	  agriculture	  in	  developing	  countries	  (¶	  25);	  or	  the	  type	  of	  large	  collaborative	  biological	  projects	  discussed	  in	  ¶	  2.	  b. Research	  gaps.	  	  The	  community	  of	  researchers	  studying	  agriculture	  in	  developing	  countries	  and	  the	  investment	  communities	  interested	  in	  bolstering	  sustainable	  development	  have	  no	  means	  of	  coming	  together	  and	  discussing	  the	  value	  and	  priority	  of	  different	  expensive	  projects	  necessitating	  multilateral	  funding,	  nor	  of	  building	  the	  alliances	  necessary	  for	  their	  realisation.	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c. Priorities.	  	  	  To	  create	  such	  a	  mechanism	  and	  a	  prioritised	  list	  of	  the	  top	  five	  “big	  ticket”	  items	  that	  would	  most	  assist	  food	  production	  in	  low-­‐income	  countries.	  d. Success.	  	  The	  creation	  of	  a	  consortium	  or	  consortia	  that	  achieve	  sufficient	  multilateral	  funding	  to	  address	  at	  least	  one	  of	  the	  “big	  ticket”	  research	  items.	  	  17. Agricultural	  research	  impact	  analysis	  	  a. Relevance.	  	  This	  is	  a	  major	  problem	  in	  determining	  research	  priorities	  and	  in	  optimally	  allocating	  limited	  resources.	  	  While	  there	  is	  no	  doubt	  that	  agricultural	  research	  has	  transformed	  food	  production	  and	  alleviated	  substantial	  famine	  and	  suffering,	  there	  is	  much	  less	  understanding	  about	  which	  particular	  components	  of	  the	  agricultural	  research	  enterprise	  are	  most	  successful,	  particularly	  in	  developing	  countries	  in	  the	  tropics.	  	  	  b. Research	  gaps.	  	  There	  is	  a	  particularly	  acute	  knowledge	  gap	  concerning	  research	  impacts	  in	  least	  developed	  countries	  and	  for	  research	  aimed	  at	  meeting	  a	  broader	  class	  of	  social	  and	  economic	  objectives	  related	  to	  system	  outcomes	  beyond	  higher	  annual	  agricultural	  outputs,	  narrowly	  defined.	  	  c. Priorities.	  	  Research	  into	  better	  metrics	  of	  the	  impact	  of	  agricultural	  research,	  and	  better	  methodologies	  of	  impact	  assessment.	  d. Success.	  	  Impact	  analysis	  formally	  incorporated	  into	  all	  new	  agricultural	  research	  initiatives,	  with	  clear	  examples	  of	  it	  being	  used	  to	  determine	  research	  and	  policy	  priorities.	  
C. The	  food	  system	  18. Nutrition-­‐sensitive	  food	  systems	  	  a. Relevance.	  	  Improved	  nutritional	  outcomes	  through	  agricultural	  interventions	  aimed	  specifically	  at	  the	  world's	  poorest	  people	  will	  require	  both	  access	  to	  affordable	  nutritious	  food	  and	  a	  willingness	  to	  consume	  it.	  	  There	  must	  also	  be	  the	  ability	  to	  assimilate	  nutrients,	  which	  is	  influenced	  by	  many	  other	  factors	  such	  as	  general	  health	  and	  sanitation.	  	  Plant	  breeding	  for	  improved	  nutritional	  outcomes	  and	  food	  fortification	  can	  contribute	  to	  better	  nutrition,	  as	  can	  the	  diversity	  of	  crops	  grown	  and	  the	  structure	  of	  local	  food	  markets	  and	  the	  retail	  sector.	  Income	  and	  dietary	  awareness	  combines	  in	  complex	  ways	  with	  local	  food	  culture	  and	  prevailing	  social	  norms	  to	  determine	  the	  quality	  of	  realised	  diets.	  	  	  b. Research	  gaps.	  While	  there	  is	  a	  good	  understanding	  of	  the	  importance	  of	  particular	  micronutrients	  on	  human	  health,	  there	  is	  a	  poorer	  understanding	  of	  the	  role	  of	  dietary	  context	  (for	  example	  whether	  there	  is	  a	  difference	  if	  a	  micronutrient	  is	  provided	  through	  fortification	  or	  through	  dietary	  diversification).	  More	  research	  is	  needed	  on	  the	  nexus	  of	  factors	  determining	  the	  choice	  of	  food	  available	  in	  local	  markets,	  and	  the	  interaction	  of	  poor	  nutrition	  with	  childhood	  infectious	  diseases.	  	  	  c. Priorities.	  	  Improved	  nutritional	  content	  of	  crops	  growing	  in	  the	  most	  challenging	  environments.	  	  Plant	  breeding	  to	  increase	  the	  sensory	  appeal	  of	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more	  nutritious	  food	  types	  (¶	  1).	  	  A	  better	  understanding	  of	  how	  individual	  human	  differences	  (genetic	  and	  non-­‐genetic)	  affect	  responses	  to	  changing	  diets	  leading	  to	  better	  targeting	  of	  advice	  by	  age,	  sex,	  health	  and	  other	  factors	  (personal	  nutrition).	  	  Research	  on	  food	  supply	  chains	  to	  reduce	  the	  costs	  of	  supplying	  fruit	  and	  vegetables	  to	  large	  tropical	  conurbations,	  and	  to	  understand	  the	  dietary	  consequences	  of	  urbanisation	  (¶	  20).	  	  Public	  health	  research	  on	  monitoring	  population	  level	  nutritional	  status	  in	  communities	  to	  identify	  deficiencies	  but	  also	  excess	  consumption	  (as	  has	  occurred	  in	  vitamin	  A	  fortification	  programmes).	  d. Success.	  	  New	  varieties	  of	  crops	  such	  as	  millet,	  sorghum	  cassava	  with	  enhanced	  nutritional	  qualities	  demonstrated	  by	  improved	  nutritional	  outcomes	  in	  human	  populations.	  	  Examples	  of	  interventions	  that	  have	  increased	  the	  diversity	  of	  affordable	  and	  nutritious	  food	  types	  (especially	  fruit	  and	  vegetables)	  in	  rural	  and	  urban	  markets.	  19. Levers	  of	  diet	  change	  a. Relevance.	  	  Policy	  makers	  may	  wish	  to	  influence	  or	  change	  the	  diet	  choices	  made	  by	  people	  for	  many	  reasons,	  for	  example	  to	  improve	  health	  or	  to	  increase	  sustainability	  by	  discouraging	  the	  consumption	  of	  food	  with	  a	  large	  environmental	  footprint.	  	  (In	  some	  cases	  diet	  change	  may	  be	  motivated	  by	  political	  or	  economic	  reasons	  such	  as	  reducing	  imports	  or	  favouring	  a	  particular	  industry	  but	  our	  focus	  here	  is	  on	  health	  and	  sustainability.)	  	  Possible	  levers	  of	  diet	  change	  can	  be	  classified	  in	  different	  ways,	  for	  example	  from	  the	  least	  interventionist	  (education,	  labelling),	  through	  strategies	  such	  as	  voluntary	  industry	  agreements	  and	  certification	  schemes,	  to	  the	  most	  interventionist	  (choice	  editing,	  regulation,	  fiscal	  measures).	  	  Until	  recently	  discussion	  of	  diet	  choice	  in	  developing	  countries	  has	  been	  restricted	  because	  the	  overwhelming	  priority	  has	  been	  increasing	  access	  to	  sufficient	  and	  nutritious	  food.	  	  However,	  the	  rising	  frequency	  of	  obesity	  and	  its	  associated	  diseases	  in	  all	  countries,	  even	  the	  poorest,	  has	  greatly	  increased	  the	  importance	  of	  this	  question.	  	  	  	  	  b. Research	  gaps.	  	  There	  is	  an	  insufficient	  and	  often	  contested	  evidence	  base	  on	  levers	  of	  diet	  change	  in	  the	  developed	  world,	  and	  much	  less	  is	  known	  about	  this	  issue	  in	  developing	  countries.	  Some	  of	  the	  greatest	  expertise	  lies	  in	  the	  private	  sector	  (both	  in	  the	  food	  industry	  and	  marketing).	  	  Research	  into	  improving	  diets	  to	  reduce	  levels	  of	  obesity	  and	  the	  fraction	  of	  people	  overweight,	  especially	  in	  urban	  settings	  in	  developing	  countries.	  	  	  	  	  c. Priorities.	  	  A	  better	  understanding	  of	  the	  nature	  of	  diet	  change	  and	  food	  preferences	  brought	  about	  by	  increasing	  wealth,	  urbanisation	  and	  changes	  to	  the	  retail	  sector	  (such	  as	  “supermarketisation”)	  in	  different	  social	  and	  cultural	  settings.	  	  Improved	  understanding	  of	  the	  scope	  for	  education	  to	  lead	  to	  diet	  change	  in	  different	  settings.	  	  Studies	  of	  the	  role	  of	  reformulation	  in	  improving	  nutrition.	  	  The	  structure	  and	  regulation	  of	  the	  food	  processing	  and	  retail	  sectors	  in	  emerging	  economies.	  	  The	  epigenetics	  of	  nutrition	  (for	  example	  what	  happens	  when	  an	  individual	  is	  malnourished	  as	  a	  child	  but	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consumes	  an	  obesogenic	  diet	  as	  an	  adult).	  	  An	  understanding	  of	  how	  to	  stop	  unsustainable	  bushmeat	  consumption.	  	  d. Success.	  	  	  The	  design	  and	  successful	  implementation	  of	  public	  health	  campaigns	  to	  improve	  diets	  and	  reduce	  over-­‐nutrition	  in	  tropical	  urban	  settings.	  20. Peri-­‐urban	  and	  urban	  food	  system	  challenges	  and	  opportunities	  a. Relevance.	  	  There	  has	  been	  a	  marked	  growth	  in	  the	  size	  of	  urban	  centres	  in	  the	  developing	  world.	  	  Over	  50%	  of	  the	  world’s	  population	  now	  lives	  in	  cities.	  	  Urbanisation	  offers	  both	  opportunities	  and	  challenges	  for	  increasing	  food	  security.	  	  Much	  migration	  to	  cities	  occurs	  because	  of	  higher	  wages,	  reducing	  populations	  in	  rural	  areas	  and	  potentially	  increasing	  labour	  productivity	  (though	  also	  possibly	  causing	  labour	  shortages)	  (¶	  3).	  	  If	  suitable	  food	  supply	  chains	  are	  constructed,	  urban	  centres	  can	  create	  markets	  for	  in-­‐country	  produce,	  while	  remittances	  sent	  back	  by	  people	  who	  have	  moved	  to	  cities	  can	  provide	  investment	  to	  increase	  productivity.	  	  However,	  much	  food	  sold	  in	  urban	  centres	  is	  purchased	  on	  global	  commodity	  markets	  exposing	  the	  urban	  and	  peri-­‐urban	  poor	  to	  the	  vagaries	  of	  food	  price	  fluctuations.	  	  Cities	  necessarily	  concentrate	  populations,	  altering	  the	  dynamics	  of	  the	  retail	  sector	  and	  often	  allowing	  the	  profitable	  sale	  of	  “junk	  food”	  to	  even	  the	  poorest	  with	  significant	  consequences	  for	  health.	  	  Food	  chains	  supplying	  tropical	  cities	  can	  be	  complex	  and	  often	  must	  deal	  with	  poor	  infrastructure,	  contributing	  to	  comparatively	  high	  prices	  for	  fresh	  fruit	  and	  vegetables.	  b. Research	  gaps.	  	  Urban	  planning	  that	  takes	  more	  account	  of	  food	  issues,	  for	  example	  facilitating	  supply	  chains	  for	  perishable	  goods	  and	  encouraging	  where	  feasible	  urban	  agriculture.	  	  Studies	  of	  levers	  of	  diet	  change	  in	  developing	  country	  cities	  (¶19).	  c. Priorities.	  	  Better	  understanding	  of	  how	  urban	  centres	  can	  be	  linked	  to	  rural	  food	  producing	  areas	  for	  mutual	  benefits.	  	  Research	  on	  economically	  feasible	  food	  supply	  chains	  for	  perishable	  produce	  in	  the	  developing	  world.	  	  Investigation	  of	  peri-­‐urban	  and	  urban	  agriculture,	  especially	  of	  vegetables	  and	  small	  livestock	  (taking	  into	  account	  food	  safety	  and	  environmental	  issues,	  ¶	  21).	  	  Studies	  of	  the	  extent	  of	  food	  volatility	  in	  urban	  food	  prices,	  how	  it	  affects	  people	  on	  low	  incomes,	  and	  how	  it	  may	  be	  reduced	  by	  physical	  or	  virtual	  food	  stores	  or	  through	  financial	  instruments.	  d. Success.	  	  Examples	  of	  the	  increased	  supply	  and	  consumption	  of	  fresh	  fruit	  and	  vegetables,	  sourced	  in	  country,	  in	  large	  cities	  in	  the	  developing	  world;	  a	  decrease	  in	  the	  over-­‐consumption	  of	  high-­‐energy	  and	  poorly	  nutritious	  foods.	  21. Food	  safety	  	  a. Relevance.	  	  Food	  safety	  is	  important	  to	  protect	  the	  health	  of	  local	  consumers.	  	  High	  food	  safety	  standards	  are	  also	  important	  to	  allow	  produce	  to	  enter	  international	  food	  supply	  chains.	  	  Food	  safety	  is	  clearly	  a	  greater	  challenge	  in	  tropical	  compared	  with	  temperate	  climates.	  	  There	  are	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particular	  issues	  concerning	  food	  grown	  on	  peri-­‐urban	  land	  when	  this	  contaminated	  (¶	  20),	  and	  when	  food	  is	  prepared	  using	  contaminated	  water.	  	  b. Research	  gaps.	  	  Research	  into	  storage	  facilities	  and	  food	  supply	  chains	  that	  simultaneously	  ensure	  food	  safety,	  avoid	  market	  gluts	  (¶	  4)	  and	  reduce	  waste	  (¶	  8)	  (realising	  there	  may	  be	  trade	  offs	  between	  goals	  such	  as	  waste	  and	  food	  safety).	  	  	  c. Priorities.	  	  Research	  into	  efficient	  and	  affordable	  refrigeration	  in	  supply	  chains	  suitable	  for	  developing	  countries.	  	  Research	  on	  aflatoxin	  and	  other	  contaminants	  (such	  as	  pesticides,	  human	  pathogenic	  organisms)	  in	  agricultural	  products.	  d. Success.	  	  Reduction	  in	  cases	  of	  food	  poisoning,	  both	  acute	  and	  long-­‐term,	  and	  more	  produce	  meeting	  food	  safety	  to	  standards	  to	  enter	  international	  food	  supply	  chains	  where	  this	  improves	  farmer	  incomes.	  	  22. Globalisation	  a. Relevance.	  	  All	  markets,	  including	  commodities	  and	  finance,	  are	  seeing	  ever	  increasing	  integration,	  while	  transport	  and	  electronic	  links	  connect	  people	  throughout	  the	  world.	  	  Commodity	  markets	  increasingly	  influence	  the	  price	  paid	  for	  food	  by	  many	  poor	  people,	  especially	  in	  large	  cities,	  who	  are	  thus	  exposed	  to	  any	  volatility	  in	  global	  food	  prices	  (¶	  20).	  	  Globalisation	  has	  also	  changed	  the	  structure	  of	  the	  private	  sector,	  with	  an	  increasing	  concentration	  in	  a	  few	  large	  global	  players	  in	  agribusiness	  and	  commodity	  trading,	  and,	  within	  countries,	  in	  retail.	  	  Vertical	  integration	  of	  supply	  chains	  affects	  farmers	  in	  least-­‐developed	  countries.	  	  Agricultural	  policy	  in	  one	  country	  or	  region	  can	  affect	  livelihoods	  the	  other	  side	  of	  the	  world,	  and	  economic	  perturbations	  are	  transmitted	  globally.	  	  More	  extensive	  trade	  and	  travel	  can	  affect	  the	  spread	  of	  pests	  and	  diseases	  (¶	  6),	  while	  a	  “wired”	  world	  can	  facilitate	  better	  collection	  and	  dissemination	  of	  information	  potentially	  improving	  the	  bargaining	  power	  of	  the	  poor	  (¶	  25).	  b. Research	  gaps.	  	  While	  globalisation	  is	  a	  major	  focus	  of	  economic	  and	  political	  economic	  research,	  its	  consequences	  for	  least	  developed	  countries	  are	  less	  well	  explored.	  c. Priorities.	  	  Research	  on	  policy	  and	  global	  food	  markets,	  and	  the	  consequences	  of	  trade	  regulations	  (including	  phytosanitary	  restrictions)	  for	  developing	  country	  agricultural	  sectors.	  	  Mechanisms	  to	  reduce	  food	  price	  volatility	  in	  the	  face	  of	  political,	  financial	  and	  biophysical	  shocks.	  	  Research	  on	  how	  policy	  is	  made	  in	  the	  food	  sector	  at	  the	  international	  level,	  and	  at	  national	  levels	  in	  countries	  with	  different	  political	  systems	  and	  different	  norms	  of	  transparency	  and	  corruption.	  Research	  on	  the	  factors	  that	  determine	  industry	  structure,	  and	  their	  market	  and	  non-­‐market	  consequences.	  	  The	  consequences	  of	  vertical	  integration,	  certification	  schemes,	  and	  other	  processes	  that	  link	  developed-­‐country	  retail	  and	  low-­‐income-­‐country	  food	  production.	  d. Success.	  	  Changes	  in	  the	  rules	  that	  govern	  globalisation	  that	  have	  proven	  benefits	  for	  food-­‐sector	  workers	  in	  the	  poorest	  countries.	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D. Information	  systems	  and	  analysis	  23. Modelling	  across	  scales	  	  a. Relevance.	  	  The	  last	  decade	  has	  seen	  notable	  progress	  with	  global	  scale	  food	  system	  modelling	  (¶	  24)	  complementing	  farm-­‐scale	  analysis	  and	  modelling.	  However,	  less	  progress	  has	  been	  made	  at	  the	  ‘mesoscale’	  that	  is	  important	  to	  analysing	  and	  planning	  infrastructure	  (including	  water	  and	  transport	  infrastructures),	  understanding	  ecosystems	  impacts	  and	  interactions,	  and	  adapting	  to	  climate	  change	  (¶	  12).	  	  The	  mesoscale	  provides	  the	  opportunity	  for	  meaningful	  analysis	  of	  policy	  and	  investment	  options,	  which	  are	  matched	  to	  particular	  landscapes	  and	  agricultural	  settings	  (¶	  13).	  	  	  b. Research	  gaps.	  	  Meso-­‐scale	  modelling	  in	  less-­‐developed	  countries;	  application	  of	  recent	  innovations	  in	  uncertainty	  and	  sensitivity	  analysis	  to	  assess	  risks	  and	  identify	  robust	  adaptation	  options.	  c. Priorities.	  	  Research	  on	  the	  development	  and	  parameterisation	  of	  mesoscale	  models	  taking	  advantage	  of	  modern	  data	  capture	  and	  analytics	  (¶¶	  25	  &	  26).	  	  Better	  methodologies	  for	  infrastructure	  planning	  to	  increase	  market	  integration	  of	  isolated	  rural	  areas.	  	  Improved	  understanding	  of	  catchment-­‐level	  hydrology	  in	  the	  tropics	  (¶¶	  7	  &	  13).	  	  Models	  of	  biodiversity	  protection	  including	  on-­‐farm	  and	  in	  refuges,	  and	  patterns	  of	  movement	  of	  species	  between	  refuges	  through	  wholly	  or	  chiefly	  agricultural	  landscapes	  (¶	  13).	  d. Success.	  	  Mesoscale	  models	  that	  have	  successfully	  been	  applied	  in	  less-­‐developed	  country	  settings	  and	  that	  have	  been	  helpful	  to	  policy	  makers.	  24. Scenario	  studies	  to	  aid	  priority	  setting	  in	  research	  and	  policy	  a. Relevance.	  	  Priority	  setting	  in	  the	  food	  system,	  both	  for	  research	  and	  policy,	  requires	  the	  exploration	  of	  possible	  futures	  using	  quantitative	  scenario	  results	  (from	  the	  natural	  sciences	  and	  economics).	  	  Scenario	  work	  is	  important	  both	  for	  exploring	  the	  landscape	  of	  possible	  futures	  and	  also	  as	  a	  method	  for	  bringing	  together	  interdisciplinary	  teams	  to	  explore	  a	  common	  problem.	  
b. Research	  gaps.	  	  Research	  into	  scenario	  analysis	  to	  help	  prioritise	  investment	  and	  disinvestment	  in	  research	  and	  development	  to	  improve	  livelihoods	  through	  interventions	  in	  the	  food	  system.	  	  Better	  methodologies	  to	  deal	  with	  systemic	  and	  agricultural	  risk	  and	  uncertainty	  in	  scenario	  studies.	  	  An	  understanding	  of	  the	  political	  economy	  of	  policy	  making	  relevant	  to	  food	  and	  development,	  including	  constraints	  arising	  from	  immature	  institutions	  and	  extractive	  governance	  structures.	  	  c. Priorities.	  	  Development	  and	  reinforcement	  of	  current	  initiatives	  to	  link	  together	  models	  from	  different	  domains	  (such	  as	  crop	  modelling,	  hydrology,	  climate)	  and	  bring	  in	  new	  domains	  (such	  as	  ecosystem	  services,	  demographics,	  public	  health,	  energy	  markets).	  	  The	  use	  of	  data	  sharing,	  meta-­‐data	  standards	  (¶	  25),	  and	  common	  scenarios	  to	  facilitate	  greater	  model	  integration,	  comparison,	  diagnosis	  of	  discrepancy	  and	  validation.	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More	  sophisticated	  integrated	  assessment	  models	  with	  greater	  commodity	  coverage.	  	  Scenario	  studies	  to	  explore	  the	  possibility	  of	  “tipping	  points”	  –	  regime	  shifts	  or	  major	  innovations	  that	  could	  substantially	  change	  global	  food	  systems	  for	  better	  or	  worse.	  	  Studies	  of	  past	  policy	  making	  and	  understanding	  of	  perverse	  outcomes	  (building	  on	  impact	  analysis	  studies,	  ¶	  17).	  d. Success.	  	  A	  set	  of	  sophisticated	  scenarios	  supported	  by	  quantitative	  models	  and	  robustness	  analysis	  that	  can	  be	  used	  to	  help	  develop	  national	  and	  international	  food	  system	  policy.	  25. Agricultural	  and	  food	  system	  informatics	  a. Relevance.	  	  Large	  amounts	  of	  biophysical	  and	  socio-­‐economic	  data	  about	  the	  global	  food	  system	  are	  stored	  by	  different	  organisations,	  and	  our	  capacity	  to	  collect	  vast	  quantities	  of	  new	  data	  is	  increasing	  at	  a	  near	  exponential	  rate.	  	  This	  research	  topic	  focuses	  on	  the	  problems	  created	  by	  this	  set	  of	  capabilities	  rather	  than	  the	  use	  of	  this	  information	  for	  research	  or	  adaptive	  management.	  “Big	  data”	  provides	  opportunities	  for	  faster	  and	  deeper	  insights	  into	  food	  system	  dynamics,	  though	  raises	  significant	  technical	  and	  institutional	  challenges.	  	  Joint	  initiatives	  involving	  the	  public,	  private	  and	  other	  sectors	  are	  likely	  to	  be	  particularly	  powerful	  approaches.	  b. Research	  gaps.	  	  Food	  system	  research	  outside	  of	  logistics	  has	  been	  slower	  at	  embracing	  “big	  data”	  compared	  to	  other	  research	  communities.	  	  The	  large	  data	  sets	  that	  exist	  in	  different	  organisations	  (including	  the	  private	  sector)	  are	  often	  difficult	  to	  access	  and	  difficult	  to	  relate	  to	  each	  other.	  	  Standards	  for	  data	  description	  are	  largely	  absent,	  and	  the	  analytic	  tools	  and	  research	  communities	  needed	  to	  exploit	  these	  resources	  are	  poorly	  developed.	  	  There	  are	  significant	  opportunities	  today	  to	  bring	  together	  information	  from	  different	  areas	  (for	  example	  agriculture,	  finance,	  diets	  and	  the	  environment)	  that	  have	  not	  existed	  before.	  	  In	  an	  age	  where	  the	  availability	  of	  data	  is	  increasing	  rapidly	  prioritising	  where	  investment	  will	  lead	  to	  the	  most	  valuable	  returns	  is	  critical.	  c. Priorities.	  	  Community	  development	  of	  semantic	  ontologies	  and	  metadata	  standards	  appropriate	  to	  food	  system	  data	  including	  data	  collected	  about	  agriculture.	  	  International	  agreement	  on	  data	  curation,	  dissemination	  and	  stewardship	  (data	  can	  be	  seen	  as	  a	  public	  good	  resource	  for	  agricultural	  in	  the	  same	  way	  germplasm	  collection	  are	  viewed).	  	  Better	  communication	  of	  data	  quality.	  	  Research	  on	  food-­‐system	  data	  analysis	  (¶	  24).	  	  Agreement	  on	  rules	  to	  protect	  individual	  privacy	  when	  data	  is	  collected	  in	  household	  surveys	  and	  other	  ways.	  d. Success.	  	  A	  network	  of	  repositories	  providing	  easy	  access	  to	  well-­‐curated	  food	  system	  data.	  	  Greater	  access	  to	  “legacy”	  private	  sector	  data	  (information	  no	  longer	  generating	  revenues).	  	  Advanced	  analytical	  tools	  to	  facilitate	  data	  mining	  and	  inference.	  	  Open	  standards	  for	  publishing	  relevant	  data	  that	  facilitate	  access,	  integration,	  and	  cross-­‐scale	  analysis.	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26. Near	  real-­‐time,	  spatially	  explicit	  monitoring	  and	  surveillance.	  a. Relevance.	  	  Much	  (though	  not	  all)	  global	  food	  system	  data	  relevant	  for	  research,	  national	  and	  international	  policy-­‐making,	  and	  for	  the	  food	  producers	  themselves,	  are	  currently	  collected	  as	  national	  statistics	  using	  procedures	  and	  mechanisms	  put	  in	  place	  many	  decades	  ago.	  	  There	  are	  significant	  opportunities	  to	  improve	  data	  collection	  and	  dissemination	  (for	  curation	  and	  analysis	  see	  ¶	  25)	  using	  a	  range	  of	  modern	  technologies.	  Global	  change	  means	  that	  practices	  that	  work	  well	  today	  at	  one	  location	  may	  in	  the	  future	  be	  most	  appropriate	  in	  fields	  a	  continent	  away	  making	  global	  knowledge	  sharing	  very	  important.	  b. Research	  gaps.	  	  Remote	  sensing	  is	  already	  widely	  used	  in	  agriculture	  in	  developed	  countries	  and	  there	  is	  significant	  scope	  for	  its	  increased	  use	  in	  developing	  countries.	  	  Research	  is	  needed	  into	  how	  mobile	  telephony	  and	  the	  web	  can	  be	  used	  to	  obtain	  more	  accurate	  and	  timely	  data	  on	  production,	  hunger	  and	  malnutrition	  and	  how	  the	  same	  technologies	  can	  be	  used	  to	  disseminate	  information	  and	  integrate	  market	  actors.	  	  	  c. Priorities.	  	  	  Satellite	  and	  aerial	  systems	  designed	  to	  obtain	  frequent,	  low-­‐spatial	  resolution	  data	  relevant	  to	  smallholder	  farmers.	  	  Research	  on	  the	  pipeline	  of	  data	  acquisition	  through	  analysis	  to	  the	  generation	  of	  useful	  real-­‐time	  information	  for	  food	  producers.	  	  Mobile	  phone	  app	  technologies	  are	  now	  widely	  adopted	  throughout	  much	  of	  the	  developing	  world	  but	  new	  and	  better	  apps	  need	  to	  be	  developed	  that	  deliver	  relevant	  information	  (both	  biophysical	  and	  economic)	  in	  a	  useable	  form	  to	  the	  smallholder	  and	  small	  business	  end	  users.	  	  Economic	  studies	  of	  the	  business	  models	  for	  modern	  extension,	  recognizing	  the	  networked	  structure	  of	  modern	  knowledge	  exchange.	  	  Experiments	  in	  alternative	  means	  of	  synthesizing,	  aggregating	  and	  modelling	  data	  to	  address	  end-­‐user	  needs	  in	  timely	  and	  appropriate	  ways.	  d. Success.	  	  Provision	  of	  new	  real-­‐time	  data	  flows	  relevant	  to	  low-­‐income	  food	  systems	  that	  demonstrably	  improve	  food	  production	  and	  efficiency.	  27. Implications	  of	  radical	  transparency	  	  a. Relevance.	  	  Radical	  transparency	  is	  the	  idea	  that	  in	  a	  highly	  connected	  and	  globalised	  world	  most	  public	  and	  some	  private	  sector	  information	  could	  become	  available	  either	  immediately	  or	  very	  soon	  after	  it	  is	  generated.	  	  Our	  contemporary	  capabilities	  with	  respect	  to	  monitoring	  food	  systems	  go	  well	  beyond	  current	  ideas	  in	  the	  science	  community	  about	  making	  research	  data	  more	  available	  (¶	  25).	  	  Greatly	  increased	  near-­‐real	  time	  transparency	  in	  food	  systems	  would	  affect	  the	  valuation	  of	  agricultural	  externalities	  and	  could	  shift	  commercial	  relations	  between	  different	  private	  and	  public	  sector	  actors.	  	  This	  trend	  may	  expose	  political	  leaders,	  policy	  makers	  at	  all	  levels	  and	  the	  private	  sector	  to	  greater	  scrutiny	  and	  so	  to	  new	  and	  different	  types	  of	  political	  and	  public	  pressure.	  	  Radical	  transparency	  may	  increase	  market	  efficiency	  and	  create	  new	  business	  opportunities,	  though	  might	  make	  it	  harder	  for	  different	  bodies	  to	  intervene	  to	  counter	  market	  failures.	  	  Radical	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transparency	  would	  also	  extend	  to	  the	  activities	  of	  the	  third	  sector	  and	  so	  would	  also	  expose	  NGOs	  to	  novel	  drivers.	  b. Research	  gaps.	  	  This	  is	  a	  new	  field	  so	  there	  are	  not	  "gaps"	  per	  se.	  	  Many	  actions	  by	  a	  wide	  range	  of	  actors	  can	  be	  understood	  as	  experiments	  in	  transparency	  from	  companies	  bundling	  services	  of	  value	  to	  a	  range	  of	  supply	  chain	  stakeholders	  through	  mobile	  phone	  apps	  to	  pressures	  from	  human	  rights	  groups	  focused	  on	  agricultural	  labour	  or	  human	  rights	  violations	  in	  food	  supply	  chains.	  c. Priorities.	  	  	  Scenario	  exercises	  to	  anticipate	  consequences	  of	  radical	  transparency,	  and	  to	  explore	  how	  it	  might	  be	  harnessed	  to	  improve	  food	  security.	  	  Exploration	  of	  “dashboards”	  to	  provide	  real-­‐time	  information	  to	  civil	  society	  on	  development	  goals	  (income,	  nutrition,	  health,	  environment).	  	  Establishment	  of	  trials	  registers	  by	  agri-­‐businesses	  (as	  is	  happening	  in	  the	  pharmaceutical	  sector).	  d. Success.	  	  Beyond	  radical	  transparency	  potentially	  having	  positive	  outcomes,	  it	  is	  difficult	  at	  this	  stage	  to	  be	  more	  specific	  about	  what	  success	  would	  look	  like.	  28. Collaboration	  and	  partnerships	  in	  the	  21st	  century,	  behaviours,	  institutions,	  technology	  a. Relevance.	  	  There	  has	  been	  enormous	  change	  in	  the	  global	  food	  system	  since	  many	  of	  the	  current	  international	  bodies	  concerned	  with	  agriculture,	  nutrition	  and	  development	  were	  founded	  in	  the	  1940s-­‐1970s.	  	  There	  have	  been	  substantial	  gains	  in	  productivity,	  and	  continuing	  major	  change	  in	  the	  science	  base	  available	  for	  crop	  and	  livestock	  improvement.	  	  Important	  progress	  on	  hunger	  and	  nutrition	  has	  occurred,	  and	  many	  countries	  that	  used	  to	  experience	  famine	  are	  now	  classified	  as	  middle-­‐income.	  	  The	  pace	  of	  globalisation	  has	  accelerated,	  and	  now	  over	  50%	  of	  the	  world’s	  population	  live	  in	  cities.	  	  Climate	  change,	  with	  diverse	  consequences	  that	  create	  stress	  for	  agricultural	  systems	  (and	  the	  food	  system	  more	  generally),	  has	  become	  a	  key	  challenge	  for	  humanity.	  	  There	  have	  been	  marked	  changes	  in	  the	  international	  research	  landscape	  with	  the	  emergence	  of	  major	  national	  agricultural	  research	  centres.	  	  It	  is	  also	  a	  period	  of	  rapid	  change	  in	  the	  private	  sector	  driven	  by	  globalisation	  and	  the	  emergence	  of	  new	  markets	  and	  new	  market	  players,	  and	  changes	  in	  the	  structure	  of	  finance.	  	  Though	  all	  organisations	  have	  responded	  to	  these	  new	  challenges,	  the	  ease	  and	  extent	  to	  which	  this	  has	  happened	  has	  to	  lesser	  or	  greater	  extent	  been	  constrained	  by	  the	  institutional	  history.	  b. Research	  gaps.	  	  How	  international	  institutions	  can	  evolve	  to	  meet	  new	  challenges	  and	  react	  to	  changing	  funding	  circumstances,	  as	  well	  as	  to	  evolve	  their	  relationships	  with	  national	  organisations,	  is	  a	  research	  question	  in	  itself,	  and	  one	  that	  is	  relatively	  neglected.	  c. Priorities.	  	  	  Research	  on	  the	  institutional	  structure	  of	  international	  organisations	  concerned	  with	  agriculture,	  nutrition	  and	  development	  and	  how	  they	  change	  in	  response	  to	  new	  challenges	  and	  new	  policy	  priorities;	  research	  on	  what	  types	  of	  partnerships	  (amongst	  themselves,	  with	  cognate	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national	  and	  international	  bodies,	  and	  with	  the	  academic,	  private	  and	  third	  sectors)	  can	  best	  allow	  them	  to	  meet	  their	  goals.	  	  Systematic	  study	  of	  the	  ability	  of	  existing	  or	  novel	  networks	  of	  organisations	  to	  react	  rapidly	  to	  new	  challenges	  (for	  example	  a	  prolonged	  regional	  production	  shock,	  or	  the	  emergence	  of	  a	  new	  crop	  or	  livestock	  disease).	  	  Partnerships	  to	  build	  research	  capacity	  in	  the	  global	  south.	  d. Success.	  	  Evidence	  of	  the	  breakdown	  of	  existing	  barriers	  and	  silos	  and	  the	  creation	  of	  new	  networks	  and	  partnerships	  with	  demonstrably	  positive	  effects	  on	  food	  and	  nutritional	  security.	  
IV.	  	  The	  Research	  Priorities	  and	  Current	  CGIAR	  Strengths	  	  We	  have	  been	  asked	  to	  consider	  how	  the	  research	  topics	  above	  map	  onto	  current	  capacity	  in	  the	  CGIAR.	  	  For	  an	  overview	  of	  the	  CGIAR	  Consortium	  please	  see	  http://www.cgiar.org/cgiar-­‐consortium.	  	  	  Within	  this	  network,	  a	  wide	  range	  of	  agriculturally	  significant	  species	  and	  production	  environments	  in	  the	  developing	  world	  have	  been	  the	  focus	  of	  research	  investments	  for	  improvement	  of	  productivity,	  livelihoods,	  natural	  resource	  management	  strategies	  and	  policies	  that	  create	  benefits	  for	  the	  world's	  poorest	  people.	  	  The	  following	  discussion	  will	  highlight	  areas	  where	  there	  are	  specific	  opportunities	  or	  gaps	  in	  light	  of	  the	  research	  topics	  proposed	  above.	  A	  number	  of	  our	  research	  topics	  involve	  directed	  genetic	  improvement	  of	  both	  familiar	  plant	  and	  animal	  species,	  and	  other	  species	  for	  which	  collections	  have	  not	  yet	  been	  well	  established	  or	  properly	  supported.	  	  The	  CGIAR	  now	  has	  a	  portfolio	  of	  world-­‐class	  strengths	  in	  many,	  but	  not	  all	  of	  these	  areas,	  held	  along	  with	  other	  national	  and	  international	  organisations.	  	  Ensuring	  strong	  support	  for	  these	  collections	  and	  other	  genetic	  resources,	  including	  reference	  collections	  for	  pathogens,	  pests	  and	  microbial	  communities,	  must	  be	  maintained	  as	  a	  highest	  priority,	  with	  particular	  focus	  on	  historically	  under-­‐invested	  species.	  	  The	  CGIAR	  stands	  alone	  in	  its	  capabilities	  and	  obligations	  for	  curation	  of	  the	  genetic	  repositories,	  plant,	  animal	  and	  microbial,	  held	  on	  behalf	  of	  the	  world's	  poorest	  people.	  A	  second	  area	  of	  focus	  within	  the	  CGIAR	  that	  affects	  most	  of	  the	  research	  topics	  is	  the	  management	  of	  research	  data	  and	  analytics.	  	  Science	  organizations	  around	  the	  world	  have	  tackled	  this	  challenge	  in	  recent	  years,	  in	  some	  cases	  investing	  large	  amount	  of	  money	  in	  high	  performance	  computing	  facilities	  and	  big	  data	  analytic	  management	  capabilities	  that	  could	  be	  of	  direct	  relevance	  to	  the	  CGIAR.	  Leveraging	  existing	  infrastructure	  and	  capabilities	  toward	  the	  public	  goods	  missions	  of	  the	  CGIAR	  and	  other	  international	  multilateral	  organizations	  could	  save	  enormous	  resources	  for	  other	  purposes	  where	  independence	  and	  integrity	  of	  the	  information	  assets	  are	  properly	  protected.	  The	  concept	  that	  any	  agricultural	  intervention	  has	  the	  potential	  to	  affect	  food	  systems	  in	  diverse	  ways	  leading	  to	  impacts	  on	  human	  health	  and	  wellbeing,	  in	  addition	  to	  food	  sufficiency,	  requires	  new	  ways	  of	  working	  that	  fall	  outside	  of	  the	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CGIAR's	  traditional	  areas	  of	  commitment.	  	  Research	  topics	  that	  focus	  on	  dietary	  shifts	  and	  nutrition-­‐related	  health	  will	  certainly	  require	  assessment	  strategies	  at	  scales	  to	  test	  actual	  shifts	  in	  outcomes.	  	  Ensuring	  that	  there	  is	  investment	  to	  better	  link	  outcomes	  in	  human	  dimensions,	  health,	  livelihoods	  and	  wellbeing,	  to	  interventions	  in	  food	  systems	  will	  also	  be	  a	  very	  high	  priority	  going	  forward.	  	  Finally,	  the	  CGIAR	  could	  have	  the	  opportunity	  to	  provide	  important	  leadership,	  perhaps	  with	  other	  international	  multilateral	  organizations,	  that	  cross	  much	  broader	  agricultural	  research	  communities	  to	  identify	  and	  prioritize	  "big	  ticket"	  science	  infrastructure	  investments	  that	  could	  provide	  major	  biological	  advances	  of	  special	  priority	  for	  the	  world's	  poor	  and/or	  global	  monitoring	  approaches	  that	  will	  help	  us	  better	  place	  interventions	  to	  best	  impact	  (e.g.,	  smart	  networks	  for	  soil,	  crop	  condition,	  weather).	  	  Such	  infrastructure	  may	  be	  an	  interesting	  focus	  for	  investment	  by	  private	  sector	  players	  in	  the	  financial	  sector	  to	  assess	  their	  exposure	  to	  systemic	  financial	  risk	  that	  resides	  in	  food	  system	  failures.	  Success	  going	  forward	  will	  depend	  on	  matching	  the	  intellectual	  and	  development	  agendas	  for	  improving	  performance	  of	  agricultural	  systems	  with	  the	  funding	  base	  and	  legacy	  capabilities	  as	  20th	  century	  organizations	  are	  turned	  together	  to	  tackle	  21st	  century	  challenges	  and	  opportunities	  of	  the	  utmost	  importance	  to	  the	  future	  we	  want.	  
V.	  Concluding	  Observations	  Through	  the	  process	  of	  assembling	  these	  questions	  some	  strong	  themes	  emerged	  that	  we	  capture	  below	  for	  the	  MTR	  Panel.	  
Partnerships.	  	  Research	  on	  virtually	  all	  the	  28	  topics	  we	  list	  will	  require	  a	  trans-­‐disciplinary	  approach,	  increasingly	  involving	  partners	  from	  sectors	  that	  have	  not	  traditionally	  been	  involved	  with	  the	  food	  system.	  	  We	  are	  in	  a	  period	  of	  rapid	  change	  in	  national	  and	  international	  public-­‐funded	  research,	  but	  also	  in	  the	  private	  sector	  and	  amongst	  humanitarian	  foundations	  and	  civil	  society	  organisations.	  	  To	  give	  one	  example,	  since	  the	  CGIAR	  was	  created,	  the	  Brazilian	  national	  agricultural	  research	  organization,	  EMBRAPA,	  has	  grown	  to	  become	  a	  global	  leader	  in	  research	  on	  agricultural	  production	  systems	  including	  governance,	  and	  now	  extends	  their	  capabilities	  across	  the	  developing	  world	  with	  a	  budget	  larger	  than	  the	  entire	  CGIAR	  Consortium.	  	  These	  developments	  can	  pose	  threats,	  but	  also	  provide	  great	  opportunities	  to	  established	  organizations.	  	  The	  CGIAR	  has	  a	  distinguished	  track	  record	  of	  partnerships	  and	  collaborations	  and	  enabling	  the	  organization	  to	  be	  agile	  and	  innovative	  in	  making	  new	  links	  will	  greatly	  help	  it	  achieve	  its	  goals	  and	  objectives.	  
Data.	  	  We	  are	  entering	  the	  age	  of	  “big	  data.”	  	  More	  information	  is	  potentially	  available	  about	  the	  food	  system	  then	  ever	  before.	  	  In	  addition,	  there	  is	  a	  wealth	  of	  data	  being	  generated	  that	  is	  focused	  on	  non-­‐food	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issues	  but	  that	  is	  relevant	  to	  the	  food	  system.	  	  The	  key	  will	  be	  turning	  “big	  data”	  into	  “big	  signal”	  and	  hence	  useful	  knowledge.	  	  New	  ways	  to	  manage	  conventional	  experimental	  data,	  and	  new	  data	  streams	  that	  inform	  work	  at	  the	  landscape	  scale,	  together	  with	  contemporary	  analytics	  will	  be	  most	  powerful	  when	  focused	  systematically	  on	  hypotheses	  regarding	  strategies	  to	  achieve	  food	  system	  outcomes.	  	  If	  partnerships	  can	  be	  formed	  to	  assist	  in	  data	  management,	  visualization	  and	  analytics,	  the	  CGIAR	  can	  build	  on	  its	  existing	  strengths	  and	  continue	  to	  improve	  coordination	  within	  and	  outside	  the	  network,	  to	  help	  facilitate	  agricultural	  research	  in	  its	  own	  institutions	  and	  more	  broadly,	  as	  well	  as	  pioneering	  the	  delivery	  of	  real	  time	  information	  of	  value	  to	  food	  producers	  throughout	  the	  world.	  
Food,	  water,	  energy,	  health,	  security	  nexus.	  	  We	  have	  placed	  a	  historically	  based	  and	  essentially	  artificial	  boundary	  around	  a	  set	  of	  issues	  that	  necessarily	  merge	  seamlessly	  with	  a	  number	  of	  cognate	  areas.	  	  The	  CGIAR,	  as	  a	  global	  agricultural	  research	  organization,	  has	  the	  potential	  to	  make	  important	  new	  contributions	  to	  these	  nexus	  issues	  ensuring	  agricultural	  perspectives	  and	  insights	  about	  food	  systems	  are	  strongly	  represented	  in	  these	  larger	  frames.	  	  Again,	  strategic	  partnerships	  and	  properly	  constructed	  information-­‐sharing	  environments	  will	  be	  essential.	  
The	  human	  dimension.	  	  Research	  in	  support	  of	  innovations	  in	  agriculture	  and	  food	  systems	  provide	  the	  evidence	  base	  for	  deploying	  interventions	  whether	  technology,	  practice,	  governance	  or	  other	  at	  scale,	  essentially	  "steering"	  the	  system	  outcomes	  in	  ways	  that	  we	  think	  will	  improve	  the	  condition	  of	  the	  world's	  poorest	  people.	  It	  also	  requires	  a	  sophisticated	  theory	  of	  change	  in	  agricultural	  systems	  incorporating	  realistic	  models	  of	  human	  behaviour.	  	  The	  CGIAR	  has	  always	  accorded	  a	  central	  role	  to	  the	  needs	  of	  individuals	  in	  low-­‐income	  countries,	  smallholder	  producers	  in	  particular.	  	  Strengthening	  and	  extending	  this	  emphasis	  and	  recognizing	  global	  drivers	  such	  as	  dramatic	  increases	  in	  the	  urban	  poor	  and	  opportunities	  for	  shifts	  in	  markets	  that	  urbanisation	  affords	  will	  be	  important	  in	  meeting	  many	  of	  the	  priority	  research	  topics.	  
The	  provision	  of	  public	  goods.	  	  The	  CGIAR	  is	  justly	  renown	  as	  one	  of	  the	  foremost	  providers	  of	  “public	  goods”	  in	  agriculture	  and	  development.	  	  In	  addition	  to	  new	  knowledge	  these	  public	  goods	  include	  information	  and	  physical	  genetic	  collections.	  	  Many	  of	  the	  research	  challenges	  we	  describe	  in	  our	  priority	  list	  of	  topics	  involve	  new	  partnerships	  coming	  together	  to	  create	  new	  types	  of	  public	  goods.	  	  There	  are	  significant	  opportunities	  for	  the	  CGIAR	  to	  take	  a	  leadership	  role	  here.	  The	  founding	  of	  the	  centres	  that	  became	  the	  CGIAR	  was	  a	  historical	  advance	  bringing	  high	  quality	  and	  high	  impact	  scientific	  research	  to	  scale	  and	  founding	  a	  diverse	  global	  research	  community	  that	  could	  not	  have	  been	  imagined	  previously.	  	  Our	  current	  globalized	  world	  now	  means	  the	  people	  in	  the	  world's	  most	  vulnerable	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places,	  and	  their	  governments,	  are	  affected	  by	  policies	  and	  market	  dynamics	  originating	  from	  all	  round	  the	  world.	  	  The	  challenges	  are	  great,	  but	  the	  application	  of	  modern	  natural	  and	  social	  science	  research	  to	  address	  questions	  of	  food	  security	  and	  development	  gives	  rise	  to	  exciting	  possibilities	  that	  are	  extremely	  significant	  for	  the	  CGIAR.	  	  We	  offer	  this	  study	  as	  a	  concrete	  reflection	  of	  a	  specific	  array	  of	  relevant	  opportunities	  and	  their	  scientific	  and	  broader	  contexts.	  	  	  	   	  
Food	  system	  knowledge	  gaps	   	   	  
	   32	  
We	  thank	  all	  those	  who	  have	  contributed	  to	  this	  work,	  acknowledged	  by	  name	  below.	  
Appendix	  Oxford	  Workshop	  Attendees	  	  
Sir	  John	  Beddington	   University	  of	  Oxford	   MTR	  Panel	  Chair	  
Jonathan	  Wadsworth	   CGIAR	  Fund	   	  
Warren	  Evans	   Consultant	  	   MTR	  Panel	  Secretary	  
	   	   	  
Promod	  Aggrawal	   CCAFS	   	  
John	  Antle	   Oregon	  State	  University	   	  
Pedro	  Arraes	   EMBRAPA	   	  
Maggie	  Gill	   University	  of	  Aberdeen	   Chair,	  CGIAR	  Independent	  
Science	  &	  Partnership	  
Council	  
Jerry	  Glover	   USAID	   	  
Bram	  Govaerts	   CIMMYT	   	  
Jim	  Hall	   University	  of	  Oxford	   	  
Ian	  Hope-­‐Johnston	   PepsiCo	   	  	  
Jackie	  Hughes	   AVRDC	  -­‐	  The	  World	  Vegetable	  Center	   	  	  
Sander	  Janssen	   Wageningen	  University	  and	  Research	  
Centre	  
	  	  
Uma	  Lele	   Independent	  Scholar,	  Formerly	  Senior	  
Advisor,	  The	  World	  Bank	  
	  	  
Marc	  Levy	   Columbia	  University	  Earth	  Institute	   	  	  
Neil	  McKenzie	   CSIRO,	  Australia	   	  	  
Gerald	  Nelson	   University	  of	  Illinois,	  Urbana-­‐Champaign	  	   	  
Michael	  Obersteiner	   International	  Institute	  of	  Applied	  Systems	  
Analysis	  
	  	  
Wayne	  Powell	   CGIAR	  Consortium	   CGIAR	  Chief	  Science	  
Officer	  	  
Tim	  Searchinger	   Princeton	  University	   	  	  
Howard	  Shapiro	   Mars,	  Inc.	   MTR	  Panel	  Member	  
Ren	  Wang	   Food	  and	  Agriculture	  Organization	   	  	  
Christine	  Williams	   Reading	  University	   	  	  
	   	   	  
Charles	  Godfray	   University	  of	  Oxford	   Workshop	  organiser	  	  
Molly	  Jahn	   University	  of	  Wisconsin-­‐Madison	   Workshop	  organiser	  	  	  
